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A METHOD FOR OBTAIHIM6 PIAHT8 WITH REDUCED SUSCEPTIBILITY TO 

PIANT-PARASITIC NEMATODES 

TECHNICAL FIELD 

5 This invention concerns plants with reduced susceptibility to 
plant-parasitic nematodes and methods for obtaining same 
involving recombinant DNA technology. 

BACKGROUND OF THE INVENTION 

10 Plant-parasitic nematodes worldwide cause diseases of 

nearly all crop plants of economic importance with estimated 
losses of about $ 5.8 billion/yr in the Unites States alone 
(Sasser and Freckman, 1987, World prospective on nematology 
In: Vistas on Nematology, Eds. Veech & Dickson. Hyatts Will, 

15 Maryland, pp. 7-14) • While in tropical regions losses caused 
by nematodes are due mainly to root*-knot nematodes 
( Meloidooyne ^ , in Europe cyst nematodes of the genera 
Globodera and Heterodera are regarded as serious pests and 
important limiting factors in e.g. potato, rapeseed and 

20 sugarbeet cultivation, respectively. Only a small ntxmber of 
resistant crop varieties have emerged from breeding 
programmes for e.g. potato, sugarbeet, tomato, soybean and 
oil radish (Dropkin, 1988, Ann. Rev. Phytopath. 26, 145-161; 
Trudgill, 1991, Ann. Rev. Phytopath. 29, 167-192). The 

25 resistance is often based on single R-genes (Rick & Fobes, 

1974, Tomato Gen. Coop. 24.# 25; Barone et al. 1990, Mol. Gen. 
Genet. 224, 177-*182) and leads to breakdown of resistance 
after several generations (Shidu & Webster, in: Plant 
Parasitic Nematodes, Vol. Ill, 1981, Zuckerman et al . ( eds . ) 

30 Acad. Press, New York, pp 61-87; Turner, 1990, Ann. Appl. 
Biol, ill, i385-397) . 

Plant-parasitic nematodes are obligate parasites. 
Nematodes such as cyst and root-knot nematodes are completely 
dependent on the formation of proper feeding structures 

35 inside the plant root. These feeding structures arise from 
single root cells that are selected by the nematode after 
invasion of the root. In the case of cyst nematodes, the IFC 
(initial feeding cell) develops into a syncytiiam through 
digestion of cell walls and hypertrophy. After infection with 
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a root-knot nematode, the IFC develops into a giant cell 
through several nuclear divisions without cytokinesis and 
becomes metabolically very active. During establishment of 
the feeding structure, the infective juvenile nematode 
5 becomes immobile and loses the ability to move to other 
feeding sites, illustrating their dependance on the induced 
nematode feeding structure (NFS) . 

Clearly, there is a great need for plants with reduced 
susceptibility to plant parasitic nematodes. Current 
strategies to combat pathogens and pests involve expression 
of recombinant DNA encoding a product which has a direct 
interaction with the pathogen or pest. 

EP-A 159 884 teaches the e3q)ression in plants of a gene 
encoding an insecticidal toxin of Bqcillus thurWensis . 
once the protein is digested by the insect it binds to a 
receptor in the gastrointestinal tract, eventually resulting 
in the death of the insect. The interaction of the toxin and 
a receptor in the insect is crucial to the toxic effect, 
which may explain the relatively frequent instances of 
I acquired resistance to the toxin. 

EP-A 303 426 reports that a number of B. thi^yjngiensis 
strains act on nematodes. It is therefore not surprising that 
the suggestion is made to identify the genes that encode for 
these nematicidal toxins and express these genes in plants to 
; protect them from nematodes (EP-A 352 052) . 

However, it is of some concern that the direct interaction 
between toxin and pest is prone to the swift development of 
resistance, as has been reported for t^^rinqie)Bgig 
endotoxin (Peferoen M. (1991) Agroindustry High-Tech , p. 5- 

I 9. 

It is therefore an object of the present invention to 
provide plants with reduced susceptibility to pathogens and 
pests which avoids the problem of acquired resistance 
altogether. 



fillMMARY OF THE I NVENTION 

The present invention provides plants which as a result of 
the expression of a recombinant DNA have reduced 
susceptibility to plant-parasitic nematodes. According to a 
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preferred erabodiiaent said recombinant DNA causes disruption 
of a nematode feeding structure. In another preferred 
embodiment expression of said recombinant DNA is at least 

^ retarding formation of a nematode feeding structure. 

5 According to a more preferred embodiment said recombinant DNA 

^ comprises: 

1) a gene-A which upon expression effects disruption of a 
nematode feeding structure, said gene-A being placed under 
the control of a promoter-A that drives expression at least 

io in the nematode feeding structure, and 

2) a gene-B which upon expression neutralizes the dis3ruptive 
effect of gene-A, said gene-B being placed under the control 
of a promoter-B that drives expression in substantially all 
of the plant's cells wherein gene-A is expressed, with the 

15 proviso that said promoter does not effectively drive 

expression of gene-B in the nematode feeding structure. A 
preferred gene-A encodes barnase, while gene-B encodes 
barstar, and wherein promoter-A is a resident plant promoter 
and promoter-B is obtainable from the CaMV 35S promoter or 

20 the rol D promoter. In another embodiment promoter-A is a 

promoter that is isolated from a plant, or a derivative from 
the said promoter. A preferred promoter according to this 
embodiment is a promoter-A obtainable from the Delta- 
0.3TobRB7-5A promoter or a truncated rol C promoter. 

25 According to another aspect of the invention said 

recombinant DNA comprises a gene inhibitory to an endogenous 
gene that encodes a protein or polypeptide product that is 
essential for formation or maintenance of a nematode feeding 
structure. Preferred according to this aspect of the 

30 invention is a gene-A which produces a RNA transcript that is 
complementary to an endogenous gene transcript encoding a 
^ protein or polypeptide product essential for formation or 

maintenance of a nematode feeding structure, in particular a 
gene that is essential for cell viability, and wherein said 

35 gene-B encodes a protein or polypeptide product that 
substitutes the function of the protein or polypeptide 
encoded by the said endogenous gene. Said neutralizing gene 
is preferably obtainable from a heterologous gene of a 
different species, such as a plant species, animal species, 
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or microbial species; preferably a different plant species. 
Highly preferred genes that are essential to cell viability 
according to. this invention are those encoding a protein or 
polypeptide which is selected from the group consisting of 
5 ATP synthase, adenine nucleotide translocator, tricarboxylate 
translocator, dicarboxylate translocator, 2-oxo-glutarate 
translocator, cytochrome C, pyruvate kinase, glyceraldehyde- 
3P-dehydrogenase, HADPH-cytochrome p450 reductase, fatty acid 
synthase complex, glycerol -3 P-acyl transferase, hydroxymethyl- 

10 glutaryl CoA reductase, aminoacyl transferase, transcription 
initiation factor, and transcription elongation factor. 

A preferred plant according to the invention is one from 
the family solanaceae , more preferably SfllaSHl JajfesafflSffl/ 
potato, still more preferred is a potato plant which has 

15 reduced susceptibility to a potato cyst nematode. 

The invention also encon^asses plant material, su^ as 
flowers, fruit, leaves, pollen, seeds, or tubers, obtainable 
from a plant according to the invention. 

The invention also provides methods for obtaining a plant 

20 with reduced susceptibility to a plant parasitic nematode, 
comprising the steps of 

(1) transforming a recipient plant cell with recombinant DNA 
which comprises (a) a gene which when expressed in a nematode 
feeding structure causes disruption thereof and (b) a plant 

25 selectable marker gene, 

(2) generating a plant from a transformed cell under 
selection pressure, 

(3) selecting a transformed plant with reduced susceptibility 
to a plant parasitic nematode. 

30 The invention further comprises a method for obtaining a 
plant with reduced susceptibility to a plant parasitic 
nematode, comprising the steps of: 

(1) transforming a recipient plant cell with recombinant DNA 
which comprises (a) a gene-A which upon expression effects 
35 disruption of a nematode feeding structure, said gene-A being 
placed under the control of a promoter-A that drives 
expression at least in the nematode feeding structure, and 
(b) a gene-B which upon expression neutralizes the disruptive 
effect of gene-A, said gene-B being placed under the control 
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of a promoter-B that drives expression in substantially all 
of the plant's cells wherein gene-A is expressed, with the 
proviso that said promoter does not effectively drive 
expression of gene-B in the nematode feeding structure, and 
5 (c) a plant selectable marker gene, 

(2) generating a whole plant from a transformed cell under 
selection pressure, 

(3) identifying a transformed plant with reduced 
susceptibility to said plant parasitic nematode. 

10 According to a slightly different embodiment a method for 
obtaining a plant with reduced susceptibility to a plant 
parasitic nematode is provided, comprising the steps of: 

(1) transforming a recipient plant cell with recombinant DNA 
which comprises (a) a gene-B which upon expression 

15 neutralizes the disruptive effect of a gene*A to be 

introduced in step (3), said gene-B being placed under the 
control of a promoter-B that drives expression in 
substantially all of the plant's cells wherein gene-A is 
expressed, with the proviso that said promoter does not 

20 effectively drive expression of gene-B in a nematode feeding 
structure, and (b) a plant selectable marker, 

(2) generating a whole plant from a transformed cell under 
selection pressure, 

(3) transforming a recipient cell of the plant obtained in 
25 step (2), or progeny thereof, which at least contains gene-B, 

with a recombinant DNA which comprises (c) a gene-A which 
upon expression effects disiniptlon of a nematode feeding 
structure, said gene*A being placed under the control of a 
promoter-A that drives expression at least in a nematode 
30 feeding structure of an infected plant root, 

(4) generating a plant from a cell transformed in step (3) 
under the appropriate selection pressure, 

(5) identifying a plant that has reduced susceptibility to a 
plant parasitic nematode. 

35 A preferred method for transforming a recipient plant cell 
is by coincxabating said cell with an Aarobacterium strain 
that contains said recombinant DNA. 

The invention fuxrther provides recombinant DNA containing 
a plant expressible gene which comprises in sequence: 
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-a promoter-A that drives expression of a downstream gene in 
a nematode feeding structure, 

-a gene-A which when expressed in a nematode feeding 
structure effects the disruption thereof, and optionally, 
5 -a transcription terminator and a polyadenylation signal 
sequence, 

so linked that the said gene-A is expressed in said nematode 
feeding structure. In a preferred recombinant DNA according 
to the invention said promoter is obtainable from the Delta- 

10 0.3TobRB7-5A or the truncated isHC promoter. Also preferred 
in a recombinant DNA according to the invention is a gene-A 
obtainable from the Bamase gene from Bafiillas 
;^tnYi Ql imief aelens . 

According to another preferred embodiment a recombinant 

15 DNA is provided wherein the said gene-A is obtainable from a 
host plant and selected from the group consisting of those 
encoding ATP synthase, adenine nucleotide translocator, 
tricarboxylate translocator, dicarboxylate translocator, 2- 
oxo-glutarate translocator, cytochrome C, pyruvate kinase, 

20 glyceraldehyde-3P-dehydrogenase, NADPH-cytochrome p450 
reductase, fatty acid synthase complex, glycerol-3P- 
acyltransferase, hydroxymethyl-glutaryl CoA reductase, 
aminoacyl transferase, transcription initiation factor, and 
transcription elongation factor, 

25 said gene being fused to the said promoter in the reverse 
orientation with respect to the natural orientation in the 
host plant. 

The invention further provides plant transformation 
vectors containing recombinant DNA according to the 
30 inventionan, as well as ^grobacterium strains containing said 
plant transformation vectors. 

Especially Preferred vectors for use in a process 
according to the invention may be selected from the group 
consisting of pM0G716, pM0G719, pMOG589, pM0G699, pM0G717, 
35 PM0G711, PM0G712, pM0G713, pMOG714, pMOG715, pMOG718 and 
PH0G720, and derivatives thereof modified in a way not 
essential to the invention. 

The invention ftirther provides methods for reducing damage 
to crops by plant parasitic nematodes by growing plants 
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according to the invention. 

According to another aspect of the invention a method for 
reducing damage to crops by plant parasitic nematodes is 
provided which comprises growing a plant that contains a 
5 herbicide resistance gene placed under the control of a 
promoter~B that is expressed in substantially all of the 
plant's root cells wherein gene-A is expressed, with the 
proviso that it does not effectively drive expression in the 
NFS, comprising the steps of 

10 1) growing the said plant, 

2) contacting the roots of said plant with a herbicide. 

The meaning of the expressions used herein, as well as the 
application and the advantages of the invention will become 
clear from the following detailed description of the 

15 invention. 



Figure 1. 

20 

Figure 2. 

Figure 3. 

25 Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 
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Figure 9. 



^RIPF DESCRIPTION OF THE FIGURES 
Schematic representation of the Two-component 
Resistemce Strategy as outlined in this 
invention. 

Plasmid pM06707, intermediate vector 
constructed for cloning purposes. 
Restriction map of fragment from Ti-plasmid 
pTiB6 

Intermediate vector pM0G579 
Binary vector pHOG23 
Binary vector pM0622 

Binary vector pMOG25. Plasmid containing 35S- 
HPT and 35S-GUS between left and right border 
of the T-DNA. 

Binary vectors pM0G452, pMOG630 & pN0G679. 
These plasmid are derivatives of pMOG23 or 
pHOG22 and contain either a promoterless GUS 
construct, a rolD-promoter/ GUS construct or 
tnmcated rolC-promoter / GUS consttnct and a 
plant selectable marker (NPTII or HPT) . 
Binary vector pM0G583. This plasmid is a 
derivative of pMOG22 and contains a 35S- 
promoter fused to a Barstar gene. 
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Figure 13. 
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Binary vector pM0G716. This plasmid is a 
derivative of pH0622 and contains a ESiD- 
promoter fused to a Barstar gene. 
Binary vector pM0G7l8. This plasmid is a 
derivative of pM0G22 and contains two barstar 
genes, one regulated by a 35S promoter and one 
regulated by a £q1D promoter. 
Plasmid pM0G587. Intermediate vector prepared 
for insertion of bamase gene and containing 
the barstar gene with a bacterial promoter and 
a nos— terminator. 

Binary vectors pM0G589, pM06591, pM06717 & 
PM0G699. These plasmlds are derivatives of 
pM0623 and contain either a promoterless 
bamase gene directly after the right border 
(PH06589) , a multiple cloning site for 
insertion of a range of different promoter-A 
type regulatory sequences (pM0G591) , a 
truncated rol C promoter and a bamase gene 
(PM0G717) or a truncated a 0.3 TobRB7 promoter 
and a bamase gene (pM06699) . To prevent 
possible harmful! effects of the bamase gene 
during cloning procedures in bacteria, either a 
barstar gene with a bacterial promoter can be 
inserted outside the T-DNA borders, or 
alternatively, an intron can be inserted in the 
coding region of the bamase gene. In the 
latter case the pMOG numbers have an i added 
/ e.g. pMOG699i) . 

Binary vectors pM0G711 - pM06715. These 
plasmids are derivatives of pMOG23 and contain 
a truncated aO.3 TobRB7 promoter and an 
antisense construct of a gene that is essential 
for cell viability. 

Binary vector pM06719. This drawing is a 
general illustration of a plasmid that can be 
used to introduce a heterologous vital gene, 
regulated by a promoter type B. 
Binary vector pMOG720. This drawing is a 
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general illustration of a plasmid that contains 
complete antisense/sense two-component system 
for expression in plants to obtain nematode 
resistance. 



DETAILED DESCRIPTION OF THE INVENTION 
It has now been surprisingly found that a plant can be 
made less susceptible to a plant-parasitic nematode by 
10 disrupting the nematode feeding structure via the expression 
of a baxniase gene under the control of a promoter that is 
active inside the NFS, while the potentially disruptive 
activity to plant cells outside the NFS was shown to be 
. effectively impaired by the concurrent expression of barstar 
15 under the control of the CaMV 35S promoter. These plants do 
not have the disadvantage that the plant parasitic nematodes 
can acquire resistance against a toxic substance used for the 
defense, since the direct interaction between the pathogen or 
pest and the toxin does not play a role in the defense of the 
20 plant. 

The following suirprising findings illustrate how the 
invention can be worked in a number of alternative ways. 

When the CaMV 35S promoter (Guilley et al. . 1982, Cell 30, 
763-773), which in healthy plants gives rise to high 

25 expression of the GUS gene in root cells and especially the 
vascular cylinder (Benfey et al. (1990) EMBO J. £, 1677-1684) 
is used to drive the expression of the GUS-gene in nematode 
infected plants, a remarkable absence of GUS-activity is 
observed inside nematode feeding structures (NFS) . This was 

30 tested for three plant species, Arabidopsis . tobacco and 
potato infected with representative species of PPN (Hi. 
schachtii , M, incognita . G, tabacum . G. rostochiensis 
respectively) and allowed to form NFS. Other promoters that 
give rise to high GUS expression in root tissue (Leach & 

35 Aoyagil991, Plant Sci. 29, 69-76), including epidermis cells 
and root hairs, are the rol C and rol D promoter sequences from 
plasmid pRiA4 of Aarobacterium rhizooenes (5' flanking region 
of open reading frames 12 and 15 respectively, in Slightom et 
al. (1986, J. Biol. Chem. 261 , 108-121). Also with these 
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promoters, a surprisingly strong suppression of SUS activity 
was observed inside NFS after infection with PPN. 

in co?itrast with the above findings, a truncated version 
of the rolC-promoter derived from the nucleotide sequence 
5 11286 up to 12132 between the open reading frames 11 and 12 
of the TL-DNA from an ftgrobacteyjuri rnjzoqenes plasmid pRiA4 
(Slightom etai. 1986/ J. Biol. Chem. 231, 108-121) remains 
active inside the NFS, as was observed after fusion of the 
truncated rolC-promoter to the GUS gene and transformation of 

10 Ar-;>bidQPsis with this construct. Apparently, part of the 
promoter is sensitive to down-regulation during NFS 
development and, once this part is removed, the promoter is 
no longer suppressed in the NFS. 

Plants were transformed with a recombinant UNA construct 

15 on a binary vector from ftgrgb^gl^grimB containing a 

promoterless GUS-gene cloned directly adjacent to the right 
border within the T-DNA in the direction pointing away from 
the right border and a second selectable marker. Regenerants 
were grown on selective media, grown to maturity and allowed 

20 to set seed. Plants obtained from the seed were grown and 
after infection and formation of NFS, the roots were assayed 
for GUS-activity. A rather unexpected number of plant lines 
were detected with 6DS activity inside the NFS. However, no 
plant lines were found that contain GDS-activity in the NFS 

25 only; all plant lines showed at least some GUS activity in 
non-NFS plant parts. Furthermore, most of the plant lines 
with a promoterless GUS construct that showed GUS activity 
inside the vascular cylinder of healthy roots, also 
demonstrated a down-regulation of GUS activity during 

30 development of the NFS. 

We conclude that with a reasonable frequency one is 
capable of obtaining plant lines which express any promoter- 
less gene inside the NFS of an infected plant using the 
approach illustrated with the promoterless GUS-gene. It can 

35 also be inferred from these experiments that promoters that 
are truly specific for the NFS are at least very rare. 

Moreover, the lack of GUS-enzyme activity in the NFS is 
inevitably caused by the down-regulation of the CaMV 35S 
promoter inside the NFS. 
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The findings set out above, i.e. that a promoter which is 
active inside the NFS can with a reasonable frequency be 
tagged using a promoterless gene-construct and the fact that 
the 35S promoter was shown to be down regulated inside the 
5 NFS it was concluded that the mosaic expression patterns can 
be used to obtain plants with reduced susceptibility to PPN 
by the approach outlined below. 

Step I Plants are transformed with recombinant DNA which 
comprises (a) a gene-B coding for a neutralizing substance 

10 such as barstar, fused behind a promoter-B with the property 
that it is in general constitutive but is down-regulated 
during the development of the feeding structure and (b) a 
plant selectable marker. Regenerants on selection media may 
be screened for expression of gene-B using e.g. Western 

15 detection techniques. Plants expressing gene-B are grown to 
maturity and allowed to set seed from which a second 
generation of plant can be generated (T2)* 
Step II The T2 generation is used for a second round of 
transformation, now with recombinant DNA which comprises a 

20 promoterless gene-A coding for a disruptive substance, like 
bamase or a gene inhibitory to a gene essential to cell 
viability according to the invention, cloned directly 
adjacent to the right border within the T-DNA in the 
direction pointing away from the right border, and a second 

25 selectable marker. (The plant selectable marker gene may or 
may not be different from the one used in the first roiind of 
transformation, depending on whether that gene is still 
present or functional in the T2. Methods to remove or 
inactivate plant selectable markers are known in the art 

30 ( e.g. as disclosed in WO92/01370) . Regenerants are grown on 
selective media, grown to maturity and allowed to set seed 
from which the next generation of plants are grown (T3). 
step III The next generation (T3) is screened for decreased 
susceptibility to PPN and, optionally, absence of deviant 

35 growth and development. Due to the randomness of integration 
the second round of transformation occasionally results in 
integration of the promoterless gene-A into regions of the 
plant genome that is capable of actively promoting 
transcription of gene-A inside the NFS. The screening after 
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PPN infection results in plants that express sufficiently 
gene-A inside the feeding structures to prevent full 
development of these structures and which are unable to 
support complete life cycles of PPM, while on the other hand, 

5 a possible expression of gene-A in other areas besides the 
feeding structure is neutralized by the concomittant 
es^ression of gene-B. 

In more generalised terms the invention provides a method 
for obtaining plants which show a reduced susceptibility to 

0 PPN, comprising the steps of effecting the integration into 
the genome of the said plant of 

ly a gene-A which upon expression effects disruption of a 
nematode feeding structure, said gene being placed under the 
control of a promoter-A that is at least expressed in the 
5 NFS, and 

2) a gene-B which upon expression neutralizes the disruptive 
effect of gene-A, said gene-B being placed under the control 
of a promoter-B that drives expression in substantially all 
of the plant's cells but not effectively in the NFS, and 
0 3) selecting the plants that show reduced susceptibility to 
PPN. 

The advantages and the numerous ways of working the 
invention will be appreciated from the following detailed 
description of the invention. 

5 For the purpose of this invention, it is important to note 
that there are no absolute requirements for each of the 
promoters-A and -B separately, promoter-B need not be 

active in every plant cell outside the NFS at all stages of 
development but has to be active at least in those plant 

0 cells outside the feeding structure where the promoter-A 
shows leaky activity to such a degree that expression of the 
disruption gene is impairing plant viability in areas outside 
the nematode feeding structure. Likewise, the promoter-A does 
not have to be entirely specific for the NFS as long as 

5 activity in other plant cells at any stage of plant 

development is counteracted by concurrent activity of gene-B 
products in those cells. Promoter-B may even show some degree 
of leaky activity inside the NFS as long as the expression of 
gene-B is sufficiently low to allow the detrimental effect of 
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gene*A products inside the NFS. 

A suitable promoter-A, that is active inside NFS but 
inactive in as much other tissues as possible can be 
identified using techniques as described in' this application* 
5 After identification and isolation of such a promoter-A, it 
can be fused in front of a disruptive gene-A and used in the 
second round of tr€msfonttation as described in Phase II- The 
resulting plant lines, transgenic both for promoter-A / gene- 
A and promoter-B / gene-B, can be analyzed for reduced 

10 susceptibility to PPN as described in this specification. 

Alternatively, both the constitutive promoter-B / gene-B 
and the NFS promoter-A / gene-A constructs can be placed on 
the same vector and used for a single round of plant 
transformation. Regenerants on selective media are grown to 

15 maturity. The next generation of plants can be screened 

directly for decreased susceptibility to PPN and absence of 
deviant growth and development. 

According to another aspect of the invention the NFS- 
specific repression of a constitutive promoter-B according to 

20 the invention may be used to make plants resistant to a 
herbicide or antibiotic, yielding plants that are locally, 
i.e inside the NFS, susceptible to compounds with a 
herbicidal or antibiotic activity. Suitable herbicide 
resistance genes, capable of neutralizing a herbicidal 

25 effect, which are to be fused to a promoter-B according to 
the invention, can readily be selected by those of skill in 
the art; they include, but are not limited to, the herbicide 
resistance genes mentioned as selection marker below. 
Suitable selectable marker genes that can be used to select 

30 or screen for transformed cells, may be selected from any one 
of the following non-limitative list: neomycin 
phosphotranspherase genes conferring resistance to kanamycin 
(EP-B 131 623), the hygromycin resistance gene (EP 186 425 
A2) the Glutathione-S-transf erase gene from rat liver 

35 conferring resistance to glutathione derived herbicides (EP-A 
256 223), glutamine synthetase conferring upon overexpression 
resistance to glutamine synthetase inhibitors such as 
phosphinothricin (WO87/05327) , the acetyl transferase gene 
from Streptomvces viridochromoaenes conferring resistance to 
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the selective agent phosphinothricin (EP-A 275 957) , the gene 
encoding a s-enolshikimate-a-phosphate synthase (EPSPS) 
conferring tolerance to N-phosphonomethylglycine, the fesE 
gene conferring resistance against Bialaphos 
5 WO91/O2071) , and the like. The actual choice of the marker is 
not crucial as long as it is functional (i^ selective) in 
combination with the plant cells of choice. 

The marker gene and the gene of interest do not necessa- 
rily have to be linked, since co-transformation of unlinked 
10 genes (U.S. Patent 4,399,216) is also an efficient process in 
plant transformation. 

The present invention also provides vectors which comprise 
recombinant DKA for the stable transformation of plants, 
containing: 

15 (a) a screenable gene for studying promoter activity and 

isolating a suitable promoter-A and/or promoter-B (pM0G452) , 
(b) suitable neutralizer genes according to the invention 
under the control of a promoter-B (pM0G583, pMOG716, 
PM0G719) , 

20 (c) disrupter genes according to the invention which either 
have no promoter of themselves and can be used for a second 
round of transformation to become integrated downstream of a 
suitable promoter-A according to the invention resident in 
the genome of a plant which already contains a neutralizer 

25 gene, (pMOG589) , or 

(d) disrupter genes according to the invention which are 
under the control of an isolated promoter-A according to the 
invention, (pM0G699, pM0G717, pM0G711, pM0G712, pM06713, 
PM0G714, PM0G715) Which can be used for a second round of 

30 transformation or co-transformation with a vector containing 
a neutralizer gene under the control of a promoter-B 
according to the invention, 

(e) suitable combinations of disrupter and neutralizing genes 
according to the invention, wherein the disrupter gene may be 

35 promoterless (pMOG718) , or downstream of an isolated 

promoter-A, (pM06718; pM06720 and derivatives), which may be 
used to transform plants in a single round of transformation 
and of which a number has reduced resistance to plant 
parasitic nematodes. 



<r»i lesoTiTi IT- IT ouiccrT 



wo 93/10251 



- 15 - 



PCT/EP92/02559 



Within the context of this invention, the terms NFS 
disruptive siibstance and neutralizing substance embraces a 
series of selected compounds that are encoded by DNA whose 
gene products (either protein or RNA or antisense-RNA) are 
5 detrimental to the metabolism and/or functioning and/ or 
viability of NFS or organelles therein and for which 
neutralizing substances are known that are able, when 
expressed simultaneously in the same cell as the disruptive 
substcmce, to repress the activity of the disrupting 

10 substance. Preferable combinations of disrupting and 
neutralizing substances are e>a. bamase / barstar from 
Bacillus amvloliauefaciens (Hartley, 1988, J. Mol. Biol. Z02, 
913-915) , restriction endonucleases / corresponding 
methylases such as £coRI from E.coli (Green et al . . 1981, J. 

15 Biol. Chem. 256 , 2143-2153) and EcoR I methylase or similar 
cosibinations as described in the review for type II 
restriction modification systems (Wilson, 1991, Nucl. Acid 
Res. 19, 2539-2566), bacteriocins and corresponding immunity 
proteins, e.g. colicin E3 / immunity protein from E. coli 

20 (Lau et al. 1985, Nucl. Acid Res. 12, 8733-8745) or any 

disruptive substance coding gene which may be neutralized by 
simultaneous production of antisense RNA under control of 
promoter-B, such as DNA sequences encoding Diptheria Toxin 
Chain A (Czako & An, 1991, Plant Physiol. 95, 687-692), 

25 RNAses such as RNAse Tl, ribonucleases or proteases, 

ribozymes against mRNA that code for phytotoxic proteins. 

According to another aspect of the invention combinations 
of disrupting and neutralizing substances comprise 
respectively genes inhibitory to an endogenous gene that 

30 encodes a protein or polypeptide product that is essential 
for cell viability and, as a neutralizing gene, a gene that 
encodes a protein or polypeptide product capable of 
substituting the function of the endogenous protein or 
polypeptide product. Such disruptive genes may be selected 

35 from the group consisting of (a) genes encoding ribozymes 
against an endogenous RNA transcript, (b) genes which when 
transcribed produce RNA transcripts that are complementary or 
at least partially complementary to RNA transcripts of 
endogenous genes that are essential for cell viability, a 
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method known as antisense inhibition of gene expression 
(disclosed in EP-A 240 208) , or (c) genes that when 
transcribed produce BNA transcripts that are identical or at 
least very similar to transcripts of endogenous genes that 
5 are essential for cell viability, an as yet unknown way of 
inhibition of gene expression referred to as co-suppression 
(disclosed by Napoli C. gfe al- r 1990, The Plant Cell 2, 279- 
289] . 

According to a preferred embodiment of the invention use 
is made of antisense genes to inhibit expression of 
endogenous genes essential for cell viability, which genes 
are expressed in the nematode feeding structures by virtue of 
a promoter-A fused upstream to the said antisense gene. 

The disruptive effect brought about by the antisense gene 
inhibitory to the vital endogenous gene is neutralized by the 
expression of a neutralizing gene-B under the control of a 
promoter-B according to the invention, said gene-B when 
expressed produces a protein or polypeptide product which is 
identical or similar to the protein or polypeptide encoded by 
the endogenous vital gene and capable of substituting the 
function of the endogenous gene product in the host plant. It 
is preferred that the nucleotide sequence of the RHA 
transcript encoded by the neutralizing gene according to the 
invention is divergent from the endogenous vital gene RNA 
transcript to avoid a possible co-suppressive effect. Hence, 
it is preferred that the neutralizing gene encodes a protein 
or polypeptide with essentially the same function as the 
endogenous vital gene, but through an RNA transcript 
intermediate that is divergent; neutralizing genes which fit 
this description can be suitably obtained by screening a 
database for genes obtainable from a different plant species, 
or even a different non-plant species, such as yeasts, animal 
eukaryotes or prokaryotes. Preferably, the nucleotide 
sequence identity of the transcripts encoded by the 
disruptive antisense transgene and the neutralizing sense 
transgene is less than 90%, preferably less than 80%, yet 
more preferably said neutralizing sense transgene encodes a 
protein or polypeptide gene product that is not identical in 
amino acid sequence to the disrupted gene product and wherein 
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the nucleotide sequence identity of the transcripts encoded 
by the neutralizing transgene is less than 75%. 

Target genes for antisense disrupter genes are selected 
from those coding for enzymes that are essential for cell 
5 viability, also called housekeeping enzymes, and should be 
nuclear encoded, preferably as single copy genes, although a 
small size gene family would also be suitable for the purpose 
of the invention. Furthermore, the effect of antisense 
expression of said genes must not be nullified by diffusion 

10 or translocation from other cells or organelles of enzyme 
products normally synthesized by such enzymes. Preferably, 
genes coding for membrane-translocating enzymes are chosen as 
these are involved in establishing chemical gradients across 
organellar membranes. Inhibition of such proteins by 

15 antisense expression can not, by definition, be cancelled by 
diffusion of substrates across the membrane in which these 
proteins reside. The translocated compound is not limited to 
organic molecules but can be of inorganic nature; e.g. P, H, 
OH or electrons. 

20 Preferably, the membrane-translocating enzymes should be 
present in organelles that increase in numbers during 
parasitism, thereby illustrating the essential role that such 
organelles have in cells comprising the NFS. Specific 
examples for such organelles are mitochondria, endoplasmic 

25 reticultm and plasmodesmata (Hussey et al. 1992 Protoplasma 
167 ; 55-65, Magnusson & Golinowski 1991 Can. J. Botany 62?44- 
52). A list of target enzymes is given in Table 1 by way of 
example but the invention is not limited to the enzymes 
mentioned in this table. More detailed listings can be 

30 assembled from series as Biochemistry of Plants (Eds. Stumpf 
& Conn, 1988-1991, Vols. 1-16 Academic Press) or Encyclopedia 
of Plant Physiology (New Series, 1976, Springer-Verlag, 
Berlin) . 

Although only in some cases, the genes coding for these 
35 enzymes have been isolated and, therefore, the number of gene 
copies are not known, the criteria that have to be met are 
described in this invention. 

TABLE 1 
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mmfM-^ r yi^n SENSE TOPRESSIO N QTITSIDE NFS 



enzyme 

ATP synthase 

adenine nucleotide translocator 
phosphate translocator 
tricarboxylate translocator 
dicarboaqrlate translocator 
2-oxo-glut£urate translocator 
cytochrome C 



pathtfav/o T-aanelle 

mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 



pyruvate kinase 

glyceraldehyde-3P-dehydrogenase 

NADPH-cytochrome P450 reductase 
fatty acid synthase complex 
glycerol-3P-acyltransferase 



glycolysis 
glycolysis 

lipid metabolism 
lipid metabolism 
lipid metabolism 



hydroxymethyl-glutaryl CoA reductase mevalonic acid pathway 



aminoacyl transferase 
transcription factors 
elongation factors 



nucleic acid metabolism 
nucleic acid metabolism 
nucleic acid metabolism 



TO maximize the antisense effects in a plant host, the use 

I of homologous genes is preferred. With homologous is meant 
obtainable from the same plant species as the plant host. 
Heterologous, for the purpose of this specication shall mean 
obtainable from a different plant or non-plant species. 
Heterologous shall also comprise synthetic analogs of genes, 

; modified in their mRNA encoding nucleic acid sequence to 
diverge at least 5% of the host gene. As housekeeping genes 
are in general highly conserved, heterologous probes from 
other (plant) species can be used to isolate the 
corresponding gene from the crop species that is to be made 

) resistant. Such gene isolations are well within reach of 

those skilled in the art and, in view of the present teaching 
require no undue experimentation. 

To differentiate between possible target genes and select 
favourable candidates to engineer nematode resistance, the 

J following procedure can be applied by those skilled in the 
art: via the gene of interest, promoter-sequences can be 
isolated from genomic DNA and used for cloning in front of a 
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marker gene such as GUS (Jefferson et al. 1987 EMBO J. 
6;3901-3907) • This expression construct can then be placed in 
a binary vector suitable for plant transformation, mobilized 
into Aarobacterium and transferred to the plant genome* 
5 Regenerated plants can then be infected with PPN and used for 
histochemical GUS analysis of entire plants and the feeding 
structures in particular. In case the used promoter sequence 
was originally regulating a gene that is essential for 
nematode development, it should not only be active in large 

10 parts of the plant (for it regulates a housekeeping gene) but 
may be more active inside the feeding stinicture than in the 
surrounding tissue. One such example is published by Cramer 
(1992, Proc* 31st Ann. Meeting Amer. Soc. Nematologists, 
Vancouver Canada) with the promoter of hydroxy-methyl- 

15 glutaryl CoA reductase (HMGR) . This promoter becomes more 
active in infected root tissue, especially those cells 
involved in feeding the nematode. HMGR is a key (rate- 
limiting) enzyme for a large number of compounds such as 
terpenes and sterols. As PPN are unable to synthesize their 

20 own sterols. (Chitwood & Lusby 1991, Lipids 26;619-627) , they 
are entirely dependent on the plant supply, thus a high HMGR 
is advantagous to the parasitizing nematode. Vice versa, 
down-^regulation of this enzyme through antisense expression 
in feeding cells, as in the description of the present 

25 invention, will have severe effects on the development of the 
nematode. 

Alternatively, for the selection of favourable candidates, 
the availability of mutants in unicellular eukaryotes such as 
yeast or Chlamvdomonas can be used as indication. If for a 

30 particular enzyme, a large niomber of mutants are available 
then it is likely that this enzyme is redundant, present as 
multicopy gene families, or that alternative pathways are 
available to circumvent the mutated enzyme (Strathern, Jones 
& Broach (Eds.) 1981 The molecular biology of the yeast 

35 Saccharomvces cerevisiae . Cold Spring Harbor Laboratory 
Press, New York) . Such genes are less suitable for the 
methods described in this invention. By contrast, mutations 
in enzymes that are usually lethal for the recipient cell and 
therefor rarely available, indicate that an antisense 
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deregulation of such genes will inhibit the proper 
development of that cell and can be used for the approach to 
engineer reduced susceptibility to PPN as desclosed in this 
invention. Gene disruption methods are available to test if a 
5 gene is essential for cell viability in which case the 

disruption event will lethal (Rothstein, 1983 Methods Enzym. 
101 ; 202-211) . The homologous gene can then be isolated from 
the target crop with the yeast gene as a probe. 

The application of this invention is not restricted to 

10 the plant species that are shown by way of demonstration. The 
choice of the plant species is primarily determined by the 
amount of damage through PPN infections estimated to occur in 
agriculture and the amenability of the plant species to 
transformation. Plant genera which are damaged during 

15 agricultural practice by PPN and which can be made 

significantly less susceptible to PPN by ways of the present 
invention include but are not limited to the genera mentioned 
in Table 2. 

Nematode species as defined in the contejct of the present 
20 invention belong to the superfamily pet erodero idea and are 
divided among the families w^^teroderidae and NelPi4ocnn^44ae 
and include, but are not limited to the species mentioned in 
Table 2. 

A suitable promoter-A is defined as a promoter that drives 
25 expression of a downstream gene inside the NFS, .at levels 
sufficient to be detrimental to the metabolism and/or 
functioning and/or viability of the NFS, while this promoter 
should preferably, but not necessarily, be inactive in 
tissues outside the HFS; it should at least never be active 
30 outside HFS at such levels that the activity of the 
disruptive substance, encoded by gene-A, can not be 
neutralized sufficiently by products from gene-B. 

A suitable promoter-A can be identified through screening 
of plants, expressing gene-B under the control of a suitable 
35 promoter-B, said plants having regenerated after a second 
round of transformation with a recombinant DHA construct 
carrying promoterless gene-A constructs and preferably a 
second selectable marker (different from the one on the 
promoter-B / gene-B construct) and analyzing said plants for 
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reduced susceptibility to PPN. Random integration of the 
promoterless gene-A constixict in regions with promoter 
activity will allow, after infection with PPN of the 
transformed regenerants, the selection of plants with 
5 sufficient gene-A expression in the NFS while maintaining a 
normal phenotype in all other plant parts as a result of the 
neutralizing effect of gene*-B in tissues outside the NFS. As 
shown by our experiments there is in principle there no need 
to isolate a promoter^A with properties as described in this 

10 invention since the integration procedure works with a 
relatively high frequency. 

This method, as illustrated in a different context 
by Kertbundit et al . , 1991, Proc. Nat. Acad. Sci. USA 88/ 
5212-5216, is especially suitable with Arabldopsis plants 

15 because the small genome yields a relatively high frequency 
of integration in transcriptionally active regions of the 
genome. 

Alternatively, a suitable promoter-A can be isolated 
via genes that are expressed at increased levels inside the 
20 NFS during nematode infection. Such genes can be isolated 
through differential screening of cDNA clones made from mRNA 
extracted from infected and healthy roots as was demonstrated 
for potato (Gurr S.J. et al. 1991, Mol. Gen. Genet. 226 . 361- 
366) . Although such promoters have never been described in 
25 detail, they can be selected and isolated in a well known 
manner from a plant by: 

1. searching for a mRNA which is present primarily 
(although not necessarily exclusively) in infected root 
tissue, 

30 2. isolating this mRNA 

3. preparing a cDNA from this mRNA 

4. using this cDNA as a probe to identify the regions in 
the plant genome which contain DNA coding for this 
specific mRNA 

35 5. identifying and isolating the upstream (5') sequences 
from the DNA coding for this specific mRNA and that 
contains the promoter region. 
Preferably, the infected roots used for mRNA isolation should 
be enriched for NFS e.g. by synchronous infection (Heunmond- 
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Kosack al. 1989 Physiol. Hoi. Plant. Pathol. 495-506) 
or through direct isolation of feeding structures from plants 
in which NFS are visible at low magnification. For example 
feeding-structures that develop inside ftrPb^^opgiS roots can 
5 be seen at low magnification and are easy to isolate with a 
minimum of contaminating cells (Sijmons et^ 1991, Plant J. 
X, 245-254) . This allows the isolation, preferably using 
molecular enrichment procedures (Dickinson gt_al^, 1991 Adv. 
Mol. Gen. Plant-Microbe Interact, i 276-279) of genes 

10 corresponding to these BNA's and subsequent isolation of 
upstream promoter elements. Once identified, similar genes 
can be isolated from other plant species when the identified 
gene is used as a probe as in step 4. Species-specific 
upstream sequences can than be isolated from these other 

15 plant species for use in a similar strategy as described in 
this invention, upstream seqpiences of identified genomic 
clones can be fused to a gene-A for insertion in a suitable 
expression vector for plant transformation such as pM0G22 or 
pH0623. 

20 Alternatively, suitable promoters for expression of gene-A 
can be isolated via interposon tagging (Topping et_al., 1991, 
Developm. 112, 1009-1019) . In this approach, a number of 
different transgenic plants are regenerated after 
transformation with T-DNA from ftgrobacterjum carrying 

25 promoterless GUS constructs such as described by Topping gt 
al. (1991, Developm. HI, 1009-1019) or pM0G452 as described 
in the Examples. After infection with a root-knot or cyst 
nematode and allowing some development of the NFS, roots can 
be stained for GUS activity. The random integration of the T- 

30 DNA enables the identification of promoter sequences that are 
active primarily in the NFS or are root-specific but 

remain active inside the NFS. This type of interposon tagging 
of promoter sequences is especially well established in 
^T-abidopsis (Kertbundit et aXtr 1991^ Proc. Nat. Acad. Sci. 

35 USA 88, 5212-5216) and tobacco (Topping ^t ^1 . , 1991, 
Developm. 11^/ 1009-1019). The 5' upstream sequences 
responsible for GUS expression can be isolated with inverted 
polymerase chain reaction (inverted PCR) (Does et al. 1991, 
Plant Mol. Biol. 17, 151-153). once suitable regulatory 
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sequences are identified or genes that are transcribed inside 
NFS, they can be used as probes for the isolation of 
homologous sequences from other plant species. In turn, these 
sequences from other species can be fused to a gene-A for 
5 insertion in a suitable vector for plant transfoirmation. 

Alternatively, a suitable promoter-A is made from a truncated 
version of the rolC-promoter derived from the nucleotide 
sequence 11286 up to 12132 between the open reading frames 11 
and 12 of the TL-DNA from an Aarobacterium rhizoaenes plasmid 

10 pRiA4 (Sliahtom et al . 1986, J, Biol* Chem. 261 , 108-121). 
Similarly, promoters identified through the above described 
interposon tagging technique that show specificity for root 
vascular tissue but are suppressed during NFS development, 
can be made insensitive to NFS suppression by removing those 

15 parts of the promoter that are responsible for the down- 
regulation as is shown with the truncated version of the rol C 
promoter. Such mutated promoter sequences then become 
suitable for use as promoter-A. 

Alternatively, the following promoter sequence can be used 

20 as promoter-A; a truncated version of a tobacco root-specific 
promoter A0.3TobRB7 (Yamamoto et al, 1991 Plant Cell 3; 371- 
382) . The full length sequence of the TobRB? promoter is 
highly active inside NFS and this activity becomes more 
specific for the NFS when the truncated aO.3 version of the 

25 promoter is used (Taylor et al. 1992, Proc. 31st Ann. Meeting 
Amer. Soc. Nematologists, Vancouver Canada) . 

Alternatively, promoters that are active in root vascular 
tissue or other plant parts and become more active 
specifically in the NFS ( e.g. hydroxy-methyl-glutaryl CoA 

30 reductase promoter; Cramer 1992, Proc. 31st Ann. Meeting 

Amer. Soc. Nematologists, Vancouver Canada) can also be used 
as promoter-A, as long as the activity outside the NFS is 
never higher than the activity of promoter-B. 

A suitable promoter-B is defined as a promoter that drives 

35 expression in substantially all cells wherein gene-A is 

expressed, with the proviso that it does not drive expression 
inside a nematode feeding structure, or not effectively. 
(With 'substantially all cells' is meant at least those cells 
that should be viable in order to get normal plant growth and 
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or development required for commercial exploitation of such 
plants. (AS an illustration of plants in which the disruptive 
effect is not neutralized in exactly all cells of the host 
plant and which are nevertheless viable and suitable for 
5 commercial exploitation, are those which express a disrupter 
gene according to this invention in stamen cells; this may 
yield male-sterile plants, which is even regarded as a 
commercially attractive trait in some crops) . Promoter 
sequences are regulatory sequences active in directing 
transcription in plants and can be obtained from plants or 
plant viruses, or may be chemically synthesized. The 
regulatory sequences may also include enhancer sequences, 
such as found in the 35S promoter of CaMV (Kay et_aLs./ 1987, 
Science IM, 1299-1302) , and mRNA stabilizing sequences such 
as the leader sequence of Alfalfa Mosaic Virus RNA4 
(Brederode et al. . 1980, Nucl. Acids Res. 8, 2213-2223) or 
any other sequences functioning in a like manner. 

Alternatively, to provide for expression in all or 
effectively all plant tissues, a promoter-B/gene-B can be 
complemented with a second promoter-B'/gene-B having a 
expression pattern complementary to promoter-B/gene-B, with 
the proviso that neither promoter-B nor promoter-B' drives 
expression in the NFS. Also hybrid promoters, comprising 
(parts of) different promoters combined as to provide for the 
required expression pattern as defined herein, fall within 
the scope of the present invention. 

Preferebly, promoter-B is the Cauliflower Mosaic Virus 35S 
promoter or derivatives thereof, which is generally 
considered to be a strong constitutive promoter in plant 
tissues (Odell et al. 1985 Nature 213., 810-812) . Another 
preferred example for promoter-B is the strong root promoter 
£2lD (Leach & Aoyagi 1991 Plant Sci. 22; 69-76) from plasmid 
pRiA4 of A qTobacteri urn i-hizoaenes ; the 5' flanking region of 
0RF15 (Slightom et al. 1986, J. Biol. Chem. 261, 108-121). 
The suitability of other constitutive promoters such as the 
nopaline synthase promoter (Bevan, 1984, Nucl. Acids Res. 12, 
8711-8721) or figwort mosaic virus promoter (EP-A 426 641) 
for use as promoter-B can be tested through fusion to marker 
genes such as GUS (Jefferson, 1987, Plant Mol. Biol. Reporter 
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387-405) , transfer of these constructs to plants and 
hlstochemical analysis of such transgenic plants after 
infection with PPN. 

Other regulatory sequences such as terminator sequences 
5 and polyadenylation signals include any such sequence 

functioning as such in plants, the choice of which is within 
the level of skill of the average skilled person in the art. 
An example of such sequences is the 3' flanking region of the 
nopaline synthase (nos) gene of Aarobac' ^*=>>ri^^^ 
10 (Bevan, 1984, Nucl. Acids Res. 12, 8711-8721). 

According to another embodiment of the invention a method 
is provided for reducing damage to crops by plant parasitic 
nematodes, which comprises growing plants that contain a 
herbicide resistance gene placed under the control of a 
15 promoter-B that is expressed at least in the roots of the 
plants, but not effectively in the nematode feeding 
structure, comprising the steps of 

1) growing the said plants, 

2) contacting the roots of said plants with a herbicide. 
20 For this embodiment of the invention, the requirements for 

expression of gene-B, are more strict, i.e. it must be 
expressed in all cells that are contacted with the herbicide, 
except the NFS. For this purpose, promoter-B can be 
complemented with a second constitutive promoter-B' (linked 

25 to another or the same copy of gene-B) provided that 
promoter-B' is also not expressed in the NFS. Suitable 
examples for this embodiment of the invention include, but 
are not limited to herbicides e.g. the class of compounds 
named sulfonylureas (Hazur & Falco, 1989, Ann. Rev. Plant 

30 Physiol. 40, 441-470). The example used in this invention 

(hygromycin resistance gene under control of 35S promoter and 
subsequent growth and infection in hygromycin-containing 
medium) is merely to demonstrate the feasibility of this 
approach. The choice of the herbicide for agricultural use is 

35 primarily determined by the availability of a herbicide 

resistance gene, the cost and environmental effects of the 
herbicide, its suitability for formulation, either for soil 
injection or for spraying, the mobility in soil and the 
ability to reach and affect cells comprising the NFS, the 
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mobility in plant tissues and the ability to reach NFS cells 
when sprayed above soil. 

AS several nematode species show a wide host range and can 
parasitize on a large number of different plant species, and 

5 also because the feeding structures in different plant 

species show a high degree of similarity, it is expected that 
the down-regulation (i^ absence of activity) of promoters 
such as CaMV 35S or other promoters that fit the description 
of a constitutive promoter as described in this invention 

) will occur in a wide range of plant species besides the 
examples shown in this invention. The invention is not 
limited to the species that are shown by way of 
demonstration. The choice of the plant species is primarily 
determined by the amount of damage through PPN infections 

5 estimated to occur In agriculture and the amenability of the 
plant species to transformation. Plant genera which are 
damaged during agricultural practice by PPN and which can be 
made significantly less susceptible to PPN by ways of the 
present invention include but are not limited to the genera 

5 mentioned in Table 2. 

Nematode species as defined in the context of the present 
invention include all plant-parasitic nematodes that modify 
host cells into specially adapted feeding structures which 
range from migratory ectoparasites yiphineina spp.) to 

5 the more evolved sedentary endoparasites (e^ ?Teteroderidae , 
Mftioidoavnae or p»t-,vienchulinael . A list of parasitic 
nematodes are given in Table 2, but the invention is not 
limited to the species mentioned in this table. More detailed 
listings are presented in Zuckerman gt al- (eds., in: Plant 

D Parasitic Nematodes, Vol. I 1971, New York, pp. 139-162) . 

The methods according to the invention to combat damage to 
crops due to nematode invasion is likewise applicable with 
non-nematode pests and pathogens, whenever said pathogen or 
pest locally down-regulates plant promoters at the site of 

5 infestation (e^ in fungi-induced haustoria or aphid-induced 
galling) . The principle of effecting the production of a 
neutralizing substance in all or most of the non-infestated 
plant parts to neutralize a cell disruptive substance the 
production of which is effected in at least the site of 
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infestation, is independent of the type or species of the 
pathogen or pest. 



10 



TABLE 2 

EXAMPLES OF PLANT-PARASITIC NEMATODES AND THEIR 
PRINCIPAL HOST PLANTS 

Nematode Species Principal Host Plants 

Melbidoavne 



M. 


hapla 


wide range 


M. 


Incognita 


wide range 


M. 


exigua 


coffee, tea, Capsicum, Citrullus 


M. 


indica 


Citrus 


M. 


javanica 


wide range 


H. 


africana 


coffee 


M. 


graminls 


cereals, grasses 


M. 


gramlnlcola 


rice 


M. 


arenaria 


wide range 



25 



30 



35 



Heterodera & 
He mexicana 
H. punctata 

rostochiensis 



G. pallida 

G. tabacum 

H. cajani 
H. glycines 
H. oryzae 
H. schachtil 
H. trifolii 
H« avenae 
H. carotae 
H. cruciferae 
H. goettingiana 



Globodera 

Lycopersicon esculentim, Solanum spp. 
cereals , grasses 
Solanum t\iberos\im, Solanum spp, 
Lycopersicon esculentum 
Solanum tuberosiim 
Nicotiana tabacum, Nicotiana spp. 
Cajanus cajan, Vigna sinensis 
Glycine max. Glycine spp. 
Oryza sativa 
Beta spp, Brassica spp, 
Tri folium spp. 
cereals, grasses 
Daucus carota 
Cruciferae 

Pisum sativum, Vicia spp. 



40 Within the context of this invention, a plant is said to 

show reduced susceptibility to PPN if a statistically 
significant decrease in the number of mature females 
developing at the surface of plant roots can be observed as 
compared to control plants. Susceptible / resistance 

45 classification according to the number of maturing females is 
standard practice both for cyst- and root-knot nematodes 
f e.a> L€iMondia, 1991, Plant Disease 75, 453-454; Omwega et 
al. . 1990, Phytopathol. 80, 745-748). 

The basic principle of reducing the plant^s 

50 susceptibility to plant parasitic nematodes according to the 
invention is the manipulation of the nematode feeding 
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Structure. Manipulation of the nematode feeding structure for 
the purpose of this description of the invention shall 
include both preventing or retarding NFS formation as well as 
disruption once formation of the NFS is in an advanced stage. 

5 

It is preferred to prevent or retard formation of the 
NFS, ixe^ during the first stages of nematode invasion; to 
that end the NFS disruptive gene-A must be under the control 
of a promoter-A that drives expression at the onset of NFS 

10 formation. 

However, in principle, it will also be acceptable if a 
disruptive gene-A is under the control of a promoter-A that 
drives expression of the disrupter gene-A in a more advanced 
stage of NFS formation causing the NFS to decline or to 

15 collapse. Either of these two extremes will provide the 
infected plant with decreased susceptibility towards the 
invading nematode. For the purpose of this invention the 
expression "disruption of the NFS" shall include retardation 
of NFS formation, decline of NFS formation once formed, or in 

20 the process of being formed, as well as total collapse of the 
NFS formed. 

Reduced susceptibility to a plant parasitic nematode may 
be the result of a reduction of the number of NFS of the 
infected plant root, a reduction in the advancement of NFS 
25 formation, or a combination of both effects. 

A nematode feeding structure according to the present 
invention shall include an initial feeding cell, which shall 
mean the cell or a very limited number of cells destined to 
become a nematode feeding structure, upon induction of the 

30 invading nematode. 

A NFS disruptive effect according to the invention is 
not limited to adverse effects on the NFS only; also 
disruptive effects are contemplated that in addition have an 
adverse effect on nematode development by way of direct 

35 interaction. 

several techniques are available for the introduction of 
recombinant DNA containing the UNA sequences as described in 
the present invention into plant hosts. Such techniques 
include but are not limited to transformation of protoplasts 
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using the calcium/polyethylene glycol method, electroporation 
and microinjection or (coated) particle bombardment 
(Potrykus, 1990, Bio/Technol. 8, 535-542) • 

In addition to these so-called direct DNA transformation 
5 methods, transformation systems involving vectors are widely 
available, such as viral vectors (e.g. from the Cauliflower 
Mosaic Virus (CaMV) and bacterial vectors (e.g. from the 
genus Aarobacterium ^ (Potrykus, 1990, Bio/Technol. 8, 535- 
542). After selection and/ or screening, the protoplasts, 

10 cells or plant parts that have been transformed can be 

regenerated into whole plants, using methods known in the art 
(Horsch et al . , 1985, Science 225 . 1229-1231). The choice of 
the transformation and/or regeneration techniques is not 
critical for this invention. 

15 According to a preferred embodiment of the present 

invention use is made of so-called binary vector system 
(disclosed in EP-A 120 516) in which Aarobacterium strains 
are used which contain a helper plasmid with the virulence 
genes and a compatible plasmid, the binary vector, containing 

20 the gene construct to be transferred. This vector can 

replicate in both E.coli and in Aarobacterium ; the one used 
here is derived from the binary vector Binl9 (Bevan, 1984, 
Nucl. Acids Res. 12Lr 8711-8721). The binary vectors as used 
in this example contain between the left- and right-border 

25 sequences of the T-DNA, an identical NPTII-gene coding for 
kanamycin resistance (Bevan, 1984, Nucl. Acids Res. 11, 8711- 
8721) and a multiple cloning site to clone in the required 
gene constructs. 

The transformation and regeneration of monocotyledonous 

30 crops is not a standard procedure. However, recent scientific 
progress shows that in principle monocots are amenable to 
transformation and that fertile transgenic plants can be 
regenerated from transformed cells. The development of 
reproducible tissue culture systems for these crops, together 

35 with the powerful methods for introduction of genetic 

material into plant cells has facilitated transformation. 
Presently, preferred methods for transformation of monocots 
are microprojectile bombardment of explants or suspension 
cells, and direct DNA uptake or electroporation (Shimamoto, 
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et al . 1989, Nature 223.. 274-276) . Transgenic maize plants 
have been obtained by introducing the Streptomyces 
hygroscopicus bar gene, which encodes phosphinothricin 
acetyltransferase (an enzyme which inactivates the herbicide 
5 phosphinothricin) , into embryogenic cells of a maize 

suspension culture by microparticle bombardment (Gordon-Kamm, 
1990, Plant cell, 2, 603-618). The introduction of genetic 
material into aleurone protoplasts of other monocot crops 
such as wheat and barley has been reported (Lee, 1989, Plant 

10 Mol. Biol. 13 , 21-30) . Wheat plants have been regenerated 
from embryogenic suspension culture by selection only the 
aged compact and nodular embryogenic callus tissues for the 
establishment of the embryogenic suspension cultures (Vasil, 
1990 Bio/Technol. 8, 429-434) . The combination with 

15 transformation systems for these crops enables the 

application of the present invention to monocots. These 
methods may also be applied for the transformation and 
regeneration of dicots. 

The following examples are given only for purposes of 

20 illustration and do not intend to limit the scope of the 
invention. Unless otherwise stated in the Examples, all 
procedures for manipulating recombinant DNA were carried out 
by using standard procedures as described in Sambrook et ^l, 
(Molecular Cloning, A laboratory Manual 2nd Edition, Cold 

25 Spring Harbor Laboiratory (1990) . 

Bvample I 

Construction of intermedia te vectors 
a) ConstT-uction of pMOGlS 

30 A detailed description for the construction of the 

expression vector pMOGlS is given in Pen et al . . . (1991) Eur. 
Pat. Appl, 0 449 375 A2. This construct the Cauliflower 
Mosaic Virus (CaMV) 35S promoter with a double enhancer 
sequence, the leader sequence of RNA4 from Alfalfa Mosaic 

35 Virus (AIMV) , the gene encoding 6-glucuronidase (originating 
from plasmid pRAJ275; (Jefferson, 1987, Plant Mol. Biol. 
Reporter 5, 387-405) followed by the nopaline synthase (nos) 
transcription terminator. The entire expression construct is 
present as an EcoRI/Hindlll fragment in pMOGia. 
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bV Construction of PMOG180 

The expression vector pMOGlSO is a derivative of pHOGlS 
wherein the gene coding for GUS is removed; other genes can 
be inserted between the AIMV RNA4 leader and 3' nos 
5 terminator as a BamH I fragment. 

For this purpose, the EcoR I/ Nco I fragment from pMOGlS, 
containing the 35S promoter and AIMV RNA4 leader sequences is 
synthesized by PCR amplification using as primer sets 5' 
6TTTCTACA6GACG6AGGATCCTG6AAGTATTTGAAAGA 3' (SEQIDNO:!) and 5' 

10 CAGCTATGACCATGATTACG 3' (SEQIDNO: 2) thus mutating the Nco l 
site into a BamH I site. pMOGlS vector is then cut with Eco RI 
and BamH I after which the newly synthesized EcoR I / BamH I 
fragment is ligated between these restriction sites. To 
circumvent PCR-induced random mutations in the promoter 

15 sequences, the EcoR I / EcoR V fragment in the PCR synthesized 
EcoR I/ BamH I fragment is replaced by wildtype sequences from 
pMOG18. The short EcoR V/ BamH I fragment is checked for 
mutations by sequencing. The resulting expression vector is 
plasmid pMOGlSO. 

20 

c) Construction of PMOG707 

A cloning vector pMOG707 is constructed, containing a 
right border T-DNA sequence, a multiple cloning site and a 
terminator for the purpose of cloning different promoter/gene 

25 combinations on a suitable fragment. This vector is 

constructed in the following manner: in the cloning vector 
pMTL26 (Chambers et al . 1988 Gene 68/ 139-149) the Xho l site 
is removed by Xho l digestion, blunt-ended with Klenow 
polymerase followed by religation, resulting in pMTL26/2. 

30 This modified pMTL vector is used to clone the Eco RI - Bal l I 
fragment from pIIOG23, containing the multiple cloning site 
and the right border sequences, resulting in pMOG584bis. The 
polylinker sequence is extended by inserting a synthetic 
linker between the BamH I and Xho l site, thus creating 

35 additional Nco l, Xho l and Xba l sites. Subsequently, the 

nopal ine synthase transcription terminator is isolated as a 
BamHI/Hindlll fragment from the plasmid ROKl (Baulcombe et 
al, 1986, Nature 321; 446), ligated to a synthetic adaptor 
such that the Hin di I I site is not recovered and an EcoR I site 
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is introduced and subsequently cloned into the extended 
pM0G584his as a 1^1 - IcoRI fragment, resulting in plasmid 
PMOG707 (Figure 2) . 

g fivample II 

rnTistruct-«»n Qf Aar o v^^'^f erium strain yOGlOl 
A binary vector system was used to transfer gene 
constructs into ArabjdQpgjs plants. The helper plasmid 
containing the ^^-^v^^^^^rl- «-"^^^aciens virulence functions 
10 was derived from the octopine Ti-plasmid pTiB6. MOGlOl is a 
.^^>..^^^Wum ^n^n^-paciens strain carrying a non-oncogenxc Tx- 
plasmid from which the entire T-region was deleted and 
substituted by a bacterial Spectinomycin resistance marker 
from transpososn Tn 1831 (Hooykaas et^, 1980 Plasmid 4, 

15 64-75). . „ 

The Ti-plasmid pTiB6 contains two adjacent T-regions, TL 
(T-left) and TR CT-right) . To obtain a derivative lacking the 
TL- and TR-regions, we constructed intermediate vector 
PM0G579. Plasmid pMOG579 is a pBR322 derivative, which 

20 contains the 2 Ti-plasmid fragments that are located to the 
left and right, outside the T-regions (Figure 3) . The 2 
fragments (shown in dark) are separated in pM0G579 (Figure 4) 
by a 2.5 kb BMffll -Hindlll fragment from transposon Tnl83l 
(Hooykaas ^t al. . 1980 Plasmid 4., 64-75) carrying the 

25 spectinoBorcin resistance marker (Figure 4) . The plasmid was 
introduced into ar rr-nbacteriim tumefa ciens strain LBAlOlO 
[C58-C9 (pTiB6) = a cured C58 strain in which pTiB6 was 
introduced (Koekman et al. 1982, Plasmid J, 119-132)], by 
triparental mating from E.coU. using HBlOl containing 

30 PRK2013 as a helper. Transconjugants were selected for 
resistance to Rifampicin (20 mg/1) and spectinomycin (250 
mg/1) . A double recombination between pMOG579 and pTiB6 
resulted in loss of carbenicUlin resistance (the pBR322 
marker) and deletion of the entire T-region. Of 5000 

35 spectinomycin resistant transconjugants replica plated onto 
carbenicillin (100 mg/1) containg medium, 2 were found 
sensitive. Southern analysis showed that a double crossing 
over event had deleted the entire T-region (not shown) . The 
resulting strain was called MOGIOI. This strain and its 
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construction is analogous to strain GV2260 (Deblaere et al. 
1985, Nucl. Acids Res. 13, 4777t4788) . 



5 Example III 

Construction of binary vectors 

a) Construction of pMOG23 

In this example the construction of the binary vector 
pHOG23 (in E. coli K-12 strain OHSalpha, deposited at the 

10 Centraal Bureau voor Schimmel-cultures on January 29, 1990 
under accession number CBS 102.90) is described. 

The binary vector pMOG23 is a derivative of vector Binl9 
(Bevan, 1984, Nucl. Acids Res. 12, 8711-8721). To obtain 
pH0623, the vector Binl9 is changed in a way not essential 

15 for the present invention, using techniques familiar to those 
skilled in the art of molecular biology. 

First, the positions of the left border (LB) and the 
right border (RB) are switched with reference to the 
neomycine phosphotransferase gene II (NPTII gene) • Secondly, 

20 the orientation of the NPTII gene is reversed giving 

transcription in the direction of LB. Finally the polylinker 
of Binl9 is replaced by a polylinker with the following 
restriction enzyme recognition sites: EcoRI, Smal, BamHI, 
Xbal/ Sad, XhQl and fiindlll (Figure 5). 

25 

b) Construction of pMOG22 

The binary vector pM0622 is a derivative of pM0G23 
wherein the NPTII gene is replaced with a hygromycin 
resistance gene (HPT, hygromycin phosphotransferase, taken 

30 from plasmid PLG90; Van den Elzen et al . . 1985, Plant Mol. 
Biol, 299-302) using techniques familiar to those skilled 
in the art of molecular biology. pMOG22 construction is 
described in detail in Cornelissen et al. (1991, Eur. Pat. 
Appl. 0 440 304 Al) and is deposited in E. coli K-12 strain 

35 DHSalpha at the Centraal Bureau voor Schimmel-cultures on 
January 29, 1990 under accession number CBS 101.90 (Figure 
6). 

c) Construction of PMOG25 & PMOG28? binary vectors containing 
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-^gg proiiiot *'T a"*^ "th^ gene. 
The icoRI/fiindlll fragment from pMOGlS is cloned into the 
poXylinker of pM0G22 and pM0G23, resulting in binary plasmids 
pM0625 (Figure 7) and pH0G2& respectively. 

5 

A ) r o yiBfT-uetion n f pMQG452 ; a binary vector containi-Pq a 
pfomoterless GP S gene 

OJhe gene coding for GUS fused to a 3'nos terminator 
sequence but without any 5' regulatory promoter sequences was 
10 cloned as a EcoRI - BamHI fragment from pBIlOl plasmid 

(Jefferson, 1987, Plant Mol. Biol. Reporter 5, 387-405) into 
the multiple cloning site of binary vector pMOG23, resulting 
in binary plasmid pM06452 (Figure 8) . 

15 e) constru^^^on of p ^QGsao; a binary vector cpntfti^jpg the 

rolD propol^er and t^** gene. 

The 373 bp 5' flanking region of £2iD of plasmid pRiA4 

(Leach & Aoyagi 1991, Plant Sci. 2£f 69-76) is cloned in 

front of the GUS gene of plasmid pMOG452 using standard 
20 cloning techniques, resulting in binary plasmid pMOG630 

(Figure 8) . Very similar constructs for analysis of £2lD 

promoter activity are described in. 

rnnsiii-uetion r>f pMQG67 Qt a binary vector containing a 

25 truncated tqIC nroi potier and the GPS qene 

A truncated version of the laLC-promoter derived from 
the nucleotide sequence 11286 up to 12132 between the open 
reading frames 11 and 12 of the TL-DNA from an Aqrobacterium 
rhizogenes plasmid pRiA4 (Slightom et_al. 1986, J. Biol. 

30 Chem. 261, 108-121) is isolated from plasmid pRiA4 using 
standard PCSR technology in such a manner that the truncated 
roi c promoter sequence is amplified with a SaBHI site created 
on both sides of the sequence. This amplified fragment is 
then fused to the GUS gene of plasmid pMOG452 resulting in 

35 binary plasmid pMOG679 (Figure 8) . The orientation of the 
truncated rolC promoter in relation to the GUS gene is 
checked with restriction analysis. 



g-i construction of PM0G583 ? a binary vector containincf the 
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35S promoter and a Barstar aene 

The barstar gene from Bacillus amvlolio uefaciens is 
derived from plasmid pMT316 (Hartley, 1988, J. Hoi. Biol. 
202 , 913-915) . The plasmid pMT316 is linearized with fiijxdlll 
5 followed by ligation in the presence of a synthetic adaptor, 
thus replacing the Hin dlll restriction site with a fiaBrill 
restriction site. The barstar gene is then isolated as a 
BamH I fragment and cloned into the £amHl site of pMO6180. The 
entire expression construct is then cloned as a £csRI/2iijidIII 
10 fragment into the multiple cloning site of the binary vector 
pM0G22, resulting in plasmid pHOG583 (Figure 9). 

h) Construction of PMOG716; a binary vector containing the 
rolD promoter and a Barstar gene 

15 The barstar gene from Bacillus amvloliouefaciens is 

derived from plasmid pMT316 (Hartley, 1988, J. Mol* Biol. 
202 . 913-915) . The plasmid pMT316 is linearized with Hindlll 
followed by ligation in the presence of a synthetic adaptor, 
thus replacing the Hin dlll restriction site with a BamHI 

20 restriction site. The barstar gene is then isolated as a 
BamH I fragment and cloned before the nopal ine synthase 
terminator into the BamH I site of pMOG707. The 373 bp 5' 
flanking region of rol D of plasmid pRiA4 (0RF15 in Slightom 
et al. 1986, J. Biol. Chem. 261, 108-121) is then cloned in 

25 front of the barstar gene after which the entire cassette is 
transferred to pM0G22, resulting in binary vector pM0G7 16 
(Figiure 10) • 

i) Construction of pMOG718y a binary vector containing two 
30 barstar genes regulated by a 35S and a rolD promoter 

respectively. 

The 35S-Barstar and rol D-Barstar fragments, as described in 
Examples III g & h respectively, can also be used to 
construct a binary vector containing two barstar genes, each 
35 regulated by a different promoter of type B, both fused to a 
terminator functional in plant cells. For this purpose, the 
promoter-Barstar-terminator fragments can be used by someone 
skilled in the art for tandem cloning in pM0G23, resulting in 
binary vector pMOG718 (Figure 11) . 
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^^Tl-^ r^^^"" °^ pMoasaQ: a binary vector npntaininq ft 
pT-Qinoter1 ,«^sfi Barff?se aene. 

From IMOG23, the IcoRI - B^II fragment is isolated, 
containing the mxatiple cloning site and the right border 
5 sequences, and cloned into pMTL26/2 (Example Ic) resulting in 
PM0G584. subsequently, the nos terminator is isolated from 
PM0G18 as a pamHI - HindlH fragment, ligated to a synthetic 
adaptor such that the Hindlll site is not recovered and an 
EcoRI site is introduced and subsequently cloned into pM0G584 

10 as a BainHI - EcoRI fragment, resulting in pM0G585. 

To overcome potential leaky activity of the barnase gene 
in bacteria, a gene encoding barstar under the control of a 
bacterial promoter is cloned into vectors, outside the T-DNA 
in case of binary vectors. For this purpose, the plasmid 

15 pMTSie (Hartley, 1988, J. Mol. Biol. 2S2., 913-915) is 

linearised with EcoRI and a synthetic adaptor is ligated, 
such that the EcoRI site is not recovered and a HisdlH site 
is introduced. This modified fragment is then cloned as 
Hindlll fragment into vector pMTL24 (Chambers e% »1 . 1988, 

20 Gene 6&, 139-149), thus creating pM0G586. The ISSSl and IsinHI 
sites present in the tag promoter region are removed by 
blunt-ending these sites with Klenow polymerase. The £ac / 
Barstar sequence is isolated as a g^I fragment and inserted 
into plasmid pM0G585 in the SplH site between the right 

25 border and the Iglll site, resulting in plasmid pM0G587 
(Figure 12) . 

The barnase gene from Bacillus amvlolicmefaciens is 
derived from plasmid pMT416 (Hartley, 1988, J. Mol. Biol. 
202 , 913-915) . The gene coding for mature barnase is 

30 amplified using PCR technology with a primer set that 

introduces a 3QigI restriction site and ATG at the 5' site of 
barnase and a_lM!HI site at the 3' site. This fragment is 
sequenced to check for the correct coding sequence of barnase 
and ligated into pM0G587 that was linearized with fiamHI and 

35 Siol resulting in pM0G588. Both pM0G23 and pH0G588 are 

digested with Ecojll and Bglll and the resulting fragments are 
ligated and linearized again with Bglll. Fragments of the 
correct size are ligated into Bglll-digested pM0G23 to form 
the binary vector pM0G589 (Figure 13) . 
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Alternatively, to overcome potential leaky activity of 
the bamase gene in bacteria, an intron can be introduced 
into the bamase coding sequence as described below; 
the Bamase gene is now isolated from plasmid pHT416 by PGR, 
5 using the following primer combination; 5' primer: 5* 
CTGCTCGAGCCTAGGCACAGGTTATCAACACGTTTG 3' (SEQIDN0:3) 

3' primer: 5' CGGACTCTGGATCCGGAAAGTG 3' (SEQIDN0:4) 
hereby introducing both a Xho l and an AyeII site at the 5' 
. end of the gene and a BamH I site at the 3' end. This fragment 
10 is subcloned as Xho I/ pamH I fragment into pMOG707. The 2nd 

intron of ST- LSI from Solanuift tuberosum was isolated by a PGR 
on plasmid p35S GUS INT (Vancanneyt et al. 1990, Hoi Gen 
Genet 220:245-250) thereby introducing Avr ll sites at both 
ends of the intron. This intron was inserted as AYtII 
15 fragment in the Bamase gene. The Bamase gene including the 
intron was re-isolated from this plasmid by PGR using the 
following primers; 

5' primer: 5' CTTACTCGAGCCATGGTAAGTTTCTGC 3' 
(SEQIDN0:5) 

20 3' primer: 5' CGGACTCTGGATCCGGAAAGTG 3' (SEQIDNO:6) 

thereby introducing a startcodon upstream of the ST-LSl 
intron sequence. This fragment is then subcloned as 
Xho I/ BamH I fragment into pMOG707 which is linearized with 
BamH I and partially cut with Xho l (thus the Xba l site is 

25 retained in the polylinker sequence) resulting in pM0G588i 

(Figure 13). Both pMOG23 and pM0G588i are digested with Eco RI 
and Bal ll and the resulting fragments are ligated and 
linearized again with Bglll. Fragments of the correct size 
are ligated into Bglll-digested pMOG23 to form the binary 

30 vector pM0G589i (Figure 13) . The "pMOG i" notation will be 

used throughout this patent application to indicate the 
presence of an intron in the barnase gene. 

The choice between using a barnase containing an intron 
or a bars tar gene outside the borders of the T-DNA for 

35 construction of the binary vectors in this example, is not 
critical for this invention. 

Construction of pM0G591ir a binary vector containing a 
multiple cloning site in front of a promoterless Bamase 
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cyene. 

This construct is used to insert a range of different 
regulatory sequences as identified in Example XII. For this 
purpose, the synthetic multiple cloning site of pM0G588i 
5 between the 5' bamase sequence and the right border of the 
T-DNA can be extended. The resulting plasmid pMOG590i is used 
for the construction of binary vector pM0G591i (Figure 13) . 
This vector is then used to introduce promoter-A regulatory 
sequences in a transcriptional fusion with the gene coding 
10 for bamase - 

1 ) ron«<-i^ctlon o f rMnfi7i7i; a binary vector containing a 
■Hyn^wr^a ^ofi T-olC pr-omoter and a bamas? q^e. . 

The truncated pole promoter sequence that was described 

15 in Example Illf , can be isolated from plasmid pRiA4 (Slightom 
et al. 1986, J. Biol. Chem- 261, 108-121) and is amplified 
with a 2aal site created at the 5' end and a HS2l site at the 
3' end. This fragment can be cloned into pM0G588i leading to 
a transcriptional fusion between the truncated rslC promoter 

20 and the Bamase gene. This plasmid is used for the 
construction of binary vector pMOG717i (Figure 13). 

^ ) ron^^t-T-uetien pMQGCg Q f » binary vector containing a 
4. yn,»,^a»i»d pronot^T- rpeitaO - ^TQbRB7-5A\ and a bamase gene 
25 The Delta0.3TobRB7-5A promoter sequence (Yamamoto et al. 

1991, Plant Cell 3: 371-382) was isolated by a two-step PCR 
on genomic DNA isolated from tobacco. In the first PCR 
reaction, part of the TobHB7-5A gene is being isolated using 

the following primers: 
30 5» primer: 5' CTCCAAATACTAGCTCAAAACC 3' (SEQIDN0:7) 

3' primer: 5' CCTCACCATGGTTAGTTCTC 3' (SEQIDN0:8) . 
The resulting PCR product is used to isolate the 
Delta0.3TobRB7-5A fragment using the following primers: 

5' primer: 5' CTTGAATTCTAGATAAGCTTATCTAAAC 3' 

35 (SEQIDN0:9] 

3' primer: 5' CCTCACCATGGTTAGTTCTC 3' (SEQIDNO;10) . 

The resulting PCR product is purified out of gel, blunt ended 
and subcloned into pUC9 (Vieira & Messing 1982 Gene 11; 259- 
268) which is then linearised with Smal. Digestion of the 
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resulting plasmid with Xba l and partially with ficol yields 
the correct Delta0.3TobRB7-5A fragment which can be subcloned 
into pMOG588i. This plasmid is used for the construction of 
binary vector pM0G699i (Figure 13) • 

5 

nV construction of pMOGV lly a binary vector containing a 
truncated promot er fDeltaO>3TobRB7-5A) and an antisense 
NADPH-CvtP450 reductase ATRl gene 

The clone for NADPH-cytochrome P450 reductase ATRl (EMBL 

10 accession number X66016) is isolated from Arabidopsis 

thaliana var. Landsberg erecta using PGR technology on cDNA 
made of mRNA from this species. The primer set 5' 
G6CGGATCGGAGCGGGGAGCTGAAG 3' (SEQIDNOrll) and 5' 
GATACCATGGATCACCAGACATCTCTG 3' (SEQIDNO:12) is used to 

15 amplify the sequence of interest. This introduces a Nco l site 
on the N-terminus of the PCR fragment. Subsequently, the PCR 
fragment is digested with BamH I - Nco l and cloned antisense 
before the nopal ine synthase terminator into pHOG707. The 
truncated promoter sequence Delta0.3TobRB7-5A (Yamamoto et 

20 al. 1991, Plant Cell 3; 371-382), isolated as described in 
Example Illm, can then be inserted as a Xba l - Nco l fragment. 
The entire sequence is then cloned into the binairy vector 
pM0G23 after digestion with EcoR I and one of the remaining 
unique restriction enzymes, resulting in binary vector 

25 PM0G711 (Figure 14) . 

o^ Construction of PMOG712 7 a binary vector containing a 
truncated promoter fDelta0.3TobRB7-5A^ and an antisense 
NADPH-CvtP450 reductase ATR2 gene 

30 The clone for NADPH-cytochrome P450 reductase ATR2 (EMBL 

accession number X66017) is isolated from Arabidopsis 
thaliana var. Landsberg erecta using PCR technology on cDNA 
made of mRNA from this species. The primer set 5' 
GGTTCTGGGGATCCAAAACGTGTCGAG 3' (SEQIDN0:13) and 5' 

35 GGCTTCCATGGTTTCGTTACCATACATC 3' (SEQIDN0:14) is used for 
amplification. This introduces both a BamH I and a Nco l 
flanking the PCR fragment. Subsequently, the PCR fragment is 
digested with BamH I - Nco l and cloned antisense before the 
nopal ine synthase terminator into pMOG7 07. The truncated 
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promoter sequence DeltaO. 3TobRB7-5A (Yananoto 1991. 
Plant cell 3.; 371-382) , isolated as described in Example 
mm, can then be inserted as a Ifeal - HSSl fragment. The 
entire sequence is then cloned into the binary vector pMOG23 
5 after digestion with 2Ql2l and partial digestion with SssRl 
or, alternatively, after digestion with ffial and partial 
digestion with SSfiRl/ resulting in binary vector pM0G7l2 
(Figure 14) . 

10 p) rnnfltruetj^n of pMOe ^ T^-*' « binary vector containjrm A 
p^»mn<.^r fDPlta0.3TObRP7-'^M gill m ^nti^^T^SB 

r^^Yr^c.Y' ?^^^-nhosf y}'**■^ aevltransferase gen^ 

The clone for glycerol-3 -phosphate acyltransferase 
ATSICEMBL accession number D00673) is isolated from 

15 ftnM'^-P'-^" i^haiiana using PCR technology on cDNA made of 
mBNA from this species. The primer set 5' 
GCCCGGGATCCGGTTTATCCACTCG 3' (SEQIDN0:15) and 5' 
GAGTATTTTCCATGGATTGTGTTTGTG 3' (SEQIDN0:16) is used for 
amplification. This introduces both a Sffial, BatfHI and a lisfil 

20 flanking the ATSl clone. Subsequently, the PCR fragment is 
digested with Ssal - USSX and as such suboloned into pM0G445. 
(PM0G445 is a pUC18 derivative that contains, by insertion of 
an oligo adaptor in the multiple cloning site, the extra 
restriction sites filair HSSl and figlll between IssRI and 

25 Sg£I) . subsequently, the ATSl clone is isolated after lissi 
and partial BaaHI digestion and subcloned antisense before 
the nopaline synthase terminator into pM06707. The truncated 
promoter sequence DeltaO . 3TobRB7-5A (Yamamoto ?t ^X j. 1991, 
Plant cell It 371-382) , isolated as described in Example 

30 Illm, is then inserted as a 2feal - Hsfil fragment. The entire 
sequence is then cloned into the binary vector pMOG23 after 
digestion with pcoRI and one of the remaining unique 
restriction enzymes, resulting in binary vector pM0G713 
(Figure 14) . 



35 



q\ cnnstnifftion of p MOfiTiA? a binary vector containing a 
i>tni«f.ated pf^mnfeer f De ii-an. 3TQbRB7-5A^ and an antiseps^ 

adenine pneleotida transloeator qene 

The clone for the mitochondrial adenine nucleotide 
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translocator (PANTl^ EMBL accession number X57557; Winning efe 
al. 1992 Plant J. 2; 763-773) is isolated from S planum 
tuberosum using PCR technology on cDNA made of mRNA from this 
species. The primer set 5' 6CTAGCCGGATCCATCTGAGCTCCAG 3' 
5 (SEQIDN0:17) and 5' GACGTCCATGGCTGAATTAGCCACCACCG3 ' 

(SEQIDN0:18) is used for amplification. This introduces both 
a BamH I and a Nco l flanking the PANTl clone. Subsequently, 
the PGR fragment is digested with BamH I * Nco l and cloned 
antisense before the nopal ine synthase terminator into 

10 pMOG707. The truncated promoter sequence Deltao^ 3TobRB7-5A 
(y€unamoto et al. 1991, Plant Cell 3; 371-382) , isolated as 
described in Example Illm, is then be inserted as a Xba l - 
Nco l fragment. The entire sequence is then cloned into the 
binary vector pMOG23 after digestion with EcoR I and one of 

15 the remaining unique restriction sites, resulting in binary 
vector pM06714 (Figiire 14) . 

r) Construction of pMOG715; a binary vector containing a 
truncated promoter fPeltaO. 3TobRB7-5Al and an antisense ATP 

20 synthase aene 

The clone for the beta subxinit of ATP synthase (Boutry & 
Chua 1985 EMBO J. 1; 2159-2165) is isolated from tobacco 
f Nicotiana plumbaainifolia ) using PCR technology on cDNA made 
of mRNA from this species. The primer set 5' 

25 CCCTCCAGGATCCCTTCTCGGAGGCTTC 3' (SEQIDN0:19) and 5' 

6AAAAGAAAGCCATGGAACTTTATAATC 3' (SEQIDNO:20) is used for 
cuaplification. This introduces both a lamHI and a Nco l 
flanking the ATP synthase clone. Subsequently, the PCR 
fragment is digested with BamH I - Ncol and cloned antisense 

30 before the nopaline synthase terminator into pMOG707. The 
truncated promoter sequence Delta0.3TobRB7-5A (Yamamoto et 
al, 1991, Plant Cell 3; 371-382), isolated as described in 
Example Illm, is inserted as a Xba l - Nco l fragment. The 
entire sequence is then cloned into the binary vector pMOG23 

35 after digestion with EcoR I and one of the remaining unique 

restriction sites, resulting in binary vector pM0G715 (Figure 
14). 

Description of pM0G719^ a binary plasmid containing 
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>^^^V>4 nations 

This description is given by way of general 
illustration; pM0G719 is a derivative of pMOG22 and is used 

5 for a first round of plant transformation, followed by 

transformation with a binary vector as described in Example 
Illn-r. PM0G719 constructs contain a promoter-B fused to a 
sense gene that is coding for a protein or polypeptide that 
is functionally similar to the antisense gene from Example 

10 Illn-r but is heterologous in nucleotide sequence (Figure 
15) preferably, the nucleotide sequence identity of the 
transcripts encoded by the antisense transgene and the sense 
transgene is less than 90%, preferably less than 80%, yet 
more preferably less than 75%. The sense transgene is 

15 obtainable from a different species than the target species. 
AS examples of such heterologous genes the following 
constructs are made: 

- the expression cassette of pMOGlSO (Example I, 35S promoter 
/ nos terminator) is transferred to pMOG22 as an EsfiRI - 

20 Hindlll fragment, resulting in pM0G22bis. 

- PM0G719-1: the gene coding for glycerol-3P-acyltransferase 
(ishizaki st.ak. 1988 FEES Lett. 22&f 424-430, EMBL accessxon 
number Y00771) is isolated from squash cDNA using PCR 
amplification with the following primers 5' ^ 

25 GCTTCCAGATCTATG6CGGAG 3' (SEQIDN0!21) AND 5* 

GATTACCAAAAGATCTGAT6TTG 3' (SEQIDN0:22) . The amplified 
fragment is digested with figlll and cloned into the binary 
vector pM0622bis which is linearized with SagHI, resulting xn 
binary vector pM06719-l. This vector is checked for the 

30 correct sense orientation of the G3PAT insert with 
restriction analyses, 

- PM0G719-2: the gene coding for the adenine nucleotide 
translocator (Baker & Leaver 1985 Nud. Acids Res. 12; 5857- 
5867, EMBL accession number X02842) is isolated from maize 

35 CDNA using PCR amplification with the following primers 5' 
GAATTCGGATCrCTGATGCCAGACCCCGCTCTGTG 3* (SEQIDNO:23) and 5' 
GGACCGGGATCCCACACTGCTCTTG 3' (SEQIDNO:24) . The amplified 
fragment is digested with Sa^I and cloned into the binary 
vector pMOG22bis, which was linearized with BafflHI, resulting 
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in binary vector pM0G719-2. This vector is checked for the 
correct sense orientation of the ANT insert with restriction 
analyses . 

- PMOG719-3: the gene coding for the beta subunit of ATP 
5 synthase (Winning et al, 1990 Nucl. Acids Res. 18; 5885, EMBL 
accession number X54233) is isolated from maize cDNA using 
PCR amplification with the following primers 5' 
CCCTGGATCCGGACCGGCCATGGC 3* (SEQIDNO:25) and 5' 
CAAGCAAGGATCCTCCTTATGAAGC 3' {SEQIDNO:26) . The amplified 

10 fragment is blunt ended and subcloned into pUC9 (Vieira & 

Messing 1982 Gene 19; 259-268) which was linearized .with Sma l 
and IlinCII. The resulting vector is partially digested with 
BamH I and cloned into the binary vector pMOG22bis, resulting 
in binary vector pMOG719-3. This vector is checked for the 

15 correct sense orientation of the ATP synthase Insert with 
restriction analyses. 

EXAMPLE IV 

Mobilisation of binary vect ors into Aarobacterium 
20 The binary vectors described in Example III are 

mobilized in a triparental mating with coli K~12 strain 
HBlOl (containing plasmid RK2013) (Ditta et al, . 1980, Proc. 
Nat* Acad. Sci. USA 77, 7347-7351), into Aarobacterium 
tumefaciens strains MOGlOl (Example II) or LBA4404 (Hoekema 
25 et al. 1983, Nature 303 . 179-180) that contains a plasmid 
with the virulence genes necessary for T-DNA transfer to 
plants. 

EXAMPLE V 

30 Plant Transformation 

Transformation of Arabidop sis thaliana 

Arabidopsis is transformed by cocultivation of plant 
tissue with Acnrobacterium tumefaciens strain MOGlOl 
containing one of the binary vectors described in Example 

35 III. Transformation is carried out using cocultivation of 

Arabidopsis thaliana (ecotype C24) root segments as described 
by Valvekens et al. (1988, Proc. Nat. Acad. Sci. USA 85 # 
5536-5540) . Transgenic plants are regenerated from shoots 
that grow on selection medium (containing either kanamycin or 
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hygromycin, depending on the originating binary plasmid 
PMOG23 or PM0G22 respectively) , rooted and transferred to 
germination medium or soil. Young plants are grown to 
maturity and allowed to self-pollinate and set seed. 

5 

^] TT-^^nsfoT-mation Q ^' potato fSolanum tuberosum gpp.) 

Potato is transformed by cocultivation of plant tissue 
with f gr-nh^ntertu in ^-timefaciens Strain LBA4404 containing one 
of the binary vectors described in Example III. 
Transformation is carried out using cocultivation of potato 
f goiamim tuberosum var. Desiree) tuber disks as described by 
Hoekema et al. 1989, Bio/Techn. 2, 273-278). Transgenic 
plants are regenerated from shoots that grow on selection 
medium (containing either kanamycin or hygromycin, depending 
on the originating binary plasmid pM0G22 or pM0G23). rooted, 
multiplied axenically by meristem cuttings and transferred to 
soil. Young plants are grown to maturity and allowed to 
develop tubers. 

^ ) Tr-ansfomatioTi or toba c co /Nieotiana tabacum SRI) 

Tobacco is transformed by cocultivation of plant tissue 
with A qyobacter^nTn <-innefaciens strain LBA4404 (Hoekema et ^1. 
1983, Nature 303/ 179-180) containing one of the binary 
vectors described in Example III. Transformation is carried 
out using cocultivation of tobacco ( Nicotiana tabacum . S RI) 
leaf disks as described by Horsch et e^l. 1985, Science 227, 
1229-1231) . Transgenic plants are regenerated from shoots 
that grow on selection medium (containing either kanamycin or 
hygromycin, depending on the originating binary plasmid 
PM0G22 or pMOG23), rooted and transferred to soil. Young 
plants are grown to maturity and allowed to self-pollinate 
and set seed. 

EXMIPLE VI 

2^na l ysis of transgenic Arabidopsis p lants for susceptibility 

to PPN 

Transgenic ftT-abidopsis plants are assayed both in vitro or in 
soil for resistance against m. incognita or the cyst nematode 
H. schachtii . For in vitro analysis, seeds are surface 
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sterilized, grown and inoculated as described by Sijmons et 
al. (1991, Plant J. li 245-254) . Two weeks after infection, 
the root systems can be scored visually for the nuaaiber of 
successful infections and compared to wild type Arabidopsis 
5 plemts. Plant lines are considered resistant when they show a 
significantly decreased susceptibility to PPN ( i.e. a 
significant decrease in the number of females found on 
control roots) . For soil-grown plants, seedlings are 
germinated on selective medium (10 mg/1 hygromycin or 50 mg/1 

10 kanmaycin) • Resistant seedlings are transferred to soil/sand 
mixtures (1:3 v/v) in 1x1x6 cm transparent plastic ttibes. 
Once the rozettes are well developed (ca. 14 days) the 
containers are inoculated with ca* 300 hatched J2 of Hj_ 
schachtii each. Hatching of H. schachtii is stimulated by 

15 submerging cysts for several days in a 3 mM ZnCl2 solution at 
a temperature of ca. 20 "^C. Eighteen days after inoculation, 
the roots are carefully removed from the soil/sand mixture 
and stained with acid fuchsin (Dropkin, 1989 in: Introduction 
to plant nematology, 2nd edition, Wiley & Sons, New York) . In 

20 this assay, susceptible plants score a mean of 17 cysts per 
root system (range 4-40 cyst per root system) . A genotype is 
considered resistant when the mean number of cysts is reduced 
to 2 per root system. Similarly, plants can be inoculated 
with hatched J2 of ^. incognita or with egg-masses that are 

25 mixed through the soil/sand mixture. The plants are then be 
scored for the presence of galls which are clearly visible 
after the soil/ sand mixture is removed from the roots. 



30 EXAMPLE VII 

Analysis of transgenic tobacco plants for susceptibility to 

PPN 

For analysis of nematode resistance, the soil is preinfected 
with M, incognita egg masses. This inoculum can be produced 
35 by maintaining a stock culture of M. incognita on soil grown 
celery plants ( Apium graveolens ) under standard greenhouse 
conditions, below 25 'C. Mature celery root systems, 
containing a high number of root knots and mature females of 
M. incognita , are carefully dusted off to remove the soil, 
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homogenized briefly in a Waring blender (2 seconds) and 
weighed in portions of 60 gram. These root samples are mixed 
with 1 kg sandspotting soil (1:1) mixtures and used for 
growth of transgenic tobacco plants for 6 weeks. For each 

5 genotype, at least 100 indivdual plants are used for each 
test. The soil/sand mixture is then carefully washed away and 
the number of galls / root system is counted with a 
bin&cular. In this assay, control plants have a mean of 25 ± 
15 galls. A genotype is considered resistant when the mean 

0 number of galls is reduced to 2 per root system. 



gg^Pia VIII 

^^^l ya^s of tranf ' ^Anie potato Plants for susceptibility 1;:o 

PPN 

Transgenic potato plants are assayed for resistance against 
M. incognita using soil that is preinfected with Hi^ 
Incognita egg masses mixed with sand (1:3 w/w) , growing the 
potato plants in that soil mixture for 6 weeks and, after 
0 removing the soil, counting the developed number of galls on 
a root system. Alternatively, to assay for resistance against 
Globodera ssp. a closed container is used. For this assay, 
three replicate 2-4 cm tubers are transferred to soil which 
is pre-inoculated with cysts from ffn rQStophieh^ig or 
5 pallida in transparent containers. The peripheral root 

systems are analyzed visually 7-8 weeks after germination for 
the presence of cysts. A genotype will be scored as resistant 
if none of the three replicates had cysts and susceptible if 
at least one of the three replicates shows cysts. 



5 



gXMtPLB II 

Analysis nf GPS activity insi d *^ feeding structures of plants 
i-T-;.nfigenic for the ehim aeric 35S / CUS construct. 
Plant lines transgenic for the T-DNA of constructs 
PM0G25 or pM0G28 (35S/GDS) are used for infection with cyst- 
or root-knot nematodes and subsequent analysis of GUS 
activity (Jefferson, 1987, Plant Mol. Biol. Reporter 5, 387- 
405) inside the feeding structures. Arabidopsis is especially 
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suitable for this purpose as these plants are readily used in 
monoxenic cultures with both Heterodera schachtii and 
MeloidocfYne incognita (Sijmons et al. 1991 Plant J. X, 245- 
254) • The development of the feeding structure is 
5 exceptionally well visible in this plant species when grown 
in agar plates. Agar pieces containing infected root parts 
are cut directly from petridishes without any disturbance of 
the nematode-plant interaction and used directly for 
histochemical GUS staining at 37''C with the substrate 5- 

10 bromo-4-chloro-3-indolyl-glucuronide (X-Glu) in a buffer 

containing the following components: 100 mM MaPi pH 7.0 10 mM 
NagEDTA, 0.1% Triton XlOO, 2.1 fig/ml f erricyanide, 1.6 fig/nl 
ferrocyanide. With this model plant system , the down 
regulation of the 353 promoter activity is demonstrated 

15 clearly at the cellular level. There is no detectable GUS 

activity (hence no 35S-promoter activity) in any of the cells 
comprising the feeding structure, even after prolonged 
staining with X-Glu. On the contrary in uninfected roots GUS 
activity is found in all root parts and is especially high in 

20 young root tissue and the vascular cylinder. At late stages 
of infection of Arabidopsis with M. incognita , the down- 
regulation of the 35S promoter extends even beyond the 
feeding structure. 

Transgenic tobacco plants are soil inoculated with 

25 Globodera tabacum or M. incognita and analyzed after proper 
development of feeding structures. For this purpose, roots 
are carefully washed for removal of soil, incubated with X- 
Glu assay buffer and double stained for detection of the 
nematodes with acid fuchsin staining (Droplcin, 1989} . 

30 Similar experiments are carried out with transgenic 

potato after soil inoculation with Globodera rostochiensis , 
G. pallida o r M. incognita . In all cases, GUS activity is not 
detected inside feeding structures while uninfected root 
parts showed expression expected for the 35S promoter. Thus, 

35 the CaMV35S promoter fits the rec[uirements explained in this 
application for a promoter of type B. 



EXAMPLE X 
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v ia IB uj. jcfcivinv inside feeding s1 

4.^^^« qon4n. for thP nhtmaerle roin / flTTS copsWqfe, 
. Plant lines transgenic for the T-DNA of construct 
PMOG630 (E2ID/6US) are used for infection with cyst- or root- 
knot nematodes and subsequent analysis of GUS activity as 
described in the previous Example. Again here, the down 
regulation of the esID promoter activity is demonstrated 
clearly at the cellular level. There is no detectable GUS 
activity (hence no salD-promoter activity) in any of the 
cells comprising the feeding structure, even after prolonged 
staining with X-Glu, On the contrary in uninfected roots, GUS 
activity is found in all root parts and is especially high in 
young root tissue including the vascular cylinder, epidermis 
and root hairs. Thus, the ftgrobaPt^FA^iffl rhizog^nes £SlD- 
promoter fits the requirements explained in this application 
for a promoter of type B. 



iinalvsls of fiTTS aetlv i ^-u- inelde feeding strunt.iireg Of Vl^nts 
t^;.n«genie f »>- ehlmaPric truncatpa-rol C / GVS gPHPtiffttCt. 

Plant lines transgenic for the T-DNA of construct 
PM0G679 (truncated £SlC/GUS) are used for infection with 
cyst- or root-knot nematodes and subsequent analysis of GUS 
activity as described in the Example VI. In contrast with the 
35S or the rolD promoter but also in contrast with several 
other promoters that were tested under similar conditions, a 
5- truncated rolC-promoter / GUS fusion gives rise to a blue 
precipitate inside the feeding structure when the appropriate 
substrates are added. Thus, the Aqrofr^Pt^effjuin rhjgoq^nes 5' 
truncated rolC-promoter fits the requirements explained in 
this application for a promoter of type A. 



Tdentificat^on of proi P »<'ey~A tvpe regulatory sequepcgs in 

r.4» I'T'ansqenic plants 
Transfoymai^lon of frf^^idopsis with PMOG45?. 

Arabidopsis is transformed with ftgrob^cterjum strain 
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M06101 containing the binary vector pM06452 (promoter less GUS 
fused to the right border of the T-DNA) using the procedure 
as described in Example V. 

5 h) Analysis of GUS activity Inside feeding structures of 
plants transgenic for the promoterless GUS construct 

Transgenic plant lines (pHOG452, T2 or later 
generations) are used for infection with PPN and subsequent 
GUS analysis as described in Example IX. The results from 

10 such a screening experiment after inoculation with JL. 

schachtii showed a surprisingly high number of plants with 
GUS activity inside the syncytia and low or no GUS actitivy 
in other plant parts , thus indicating that regulatory 
sequences that drive gene activity in the NFS are tagged with 

15 the GUS gene and therefor amenable to rapid isolation of such 
regulatory sequences. One in 13 independent transgenic plant 
lines indicated a tagged promoter that was active only in 
roots and that remained active inside the NFS. This could be 
confirmed with Arabidopsis plants transgenic for a 

20 promoterless GUS construct as described by (Topping et al . , 
1991, Developm. 112 . 1009-1019) • Two in 25 transgenic plant 
lines demonstrated GUS activity in cells comprising the NFS. 
This high frequency illustrates the feasability to tag/ and 
therefore to isolate, regulatory sequences that fulfil the 

25 requirements of promoter-A. The reverse situation (GUS 
activity in healthy vascular cylinder but down-regulated 
inside developing feeding structures) was observed with even 
higher frequencies, and therefor the method is in principle 
also suitable for identification of regulatory sequences that 

30 fit the requirements of promoter-B types. 

^ c) Isolation of promoter-A-type regulatory sequences from 

ty^n^qei^Ac p3,aT>t^ expressj.nq GUS inside ^ys 

Transgenic plant lines that express GUS activity inside 
35 NFS and preferably low or no activity in other tissues are 
selected and used for isolation of genomic DNA. Regulatory 
sequences upstream (5') of the integrated GUS gene are 
isolated with the following steps, using inverted PGR (Does 
et al, 1991. Plant Mol. Biol. 17, 151-153) with the primers 
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S' CCA GAC TGA ATG CCC ACA GGC 3' (SEQIDN0:27) and 5' GGT GAG 
6CA TGT CGC GCA AG 3' (SEQIDNO:28) . The amplified fragment is 
used to screen a genomic library of ftrabjdopsis for the 
isolation of genomic clones containing regulatory sequences 
5 that fit the requirements of promoter-A. Alternatively, the 
first 200 bp of the GUS gene can be used to probe a genomic 
bank made from the selected plants. 



10 gmPLB mi 

jgY ^ » ^g>aia of p ar-gfcar in fT-anaaenic plants. controle4 frY 
r^qMlatory sequences of t ype B oromoterS-iL 
For western analysis of plants expressing the Barstar gene, 
an antiserum against Barstar is used that is produced in the 

15 following manner: 

the most antigenic determinants of the Barstar protein is 
determined with three different prediction methods, based on 
hydrophilicity, flexibility and beta turns. Based on this 
analysis, three peptides are synthesized using an automated 

20 peptide synthesizer with the following amino acid sequence; 

a) Ala-Glu-Ser-Val-Leu-Gln-Val-Phe-Arg-Glu-Ala-Lys-Ala-Glu- 

Gly (SEQIDK0:29) 

b) Arg-Gln-Phe-Glu-Gln-Ser-Lys-Gln-Leu-Thr-Glu-Asn-Gly-Ala- 
GlU (SEQIDKO:30) 

25 c) Leu-Lys-Lys-Glu-Leu-Ala-Leu-Pro-Glu-Tyr-Tyr-Gly-Asn-Leu- 
Asp (SEQIDK0:31) . 

These peptides are purified and 1.5 mg of each is coupled to 
7.5 mg bovine serum albumin (BSA) using glutaraldehyde. The 
resulting conjugates were analyzed and contained 7.5 mole 

30 peptide (a) per mole BSA, 10.0 mole peptide (b) per mole BSA 
and 6.7 mole peptide (c) per mole BSA. The conjugates are 
dissolved in 50 mM Hepes, 100 NaCl with a final 
concentration of 1 mg/ml and mixed. Rabbits are injected with 
0.15 ml mixed conjugates in Freunds complete adjuvans and 

35 boostered three times with 0.15 ml mixed conjugates in in- 
complete Freunds adjuvans. The resulting serum is partially 
purified for the antibody fraction and stored at -80 'C. This 
serum is used in 5,000 - 10,000 dilutions in the presence of 
5% defatted dry milk in phosphate buffered saline, 1% Tween 
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20, 0.5% Triton-XlOO* For western analysis, crude plant 
extracts are seperated on 10-27% gradient SDS-PAGE followed 
by electroblotting to nitrocellulose. The Barstar antibodies 
are detected with goat-ant i-rabbit-peroxidase conjugates and 
5 visualized with the Amersham (UK) ECL-detection system. 

The choice of Arabidopsis* , tobacco and potato for 
introduction of the barstar and barnase expression constructs 
was based on the excellent properties of Arabidopsis to 
analyze plant-nematode interactions (Sijmons et al . 1991, 
10 Plant J. 1, 245-254), or the excellent transformation 

protocols available for tobacco and potato and by no means 
limits the scope of plant species to which this invention 
applies. 

Arabidopsis is transformed with Aarobacterium strain 

15 H06101 containing the binary vector pH06583 or alternatively 
PH0G716 or alternatively pM0G718, all described in Example 
III, using procedures as described in Example Va. 
Transformants are regenerated on selective media containing 
10 mg/1 hygromycin. All hygromycin resistant plants are 

20 allowed to self pollinate and the resulting seed batches are 
germinated on hygromycin and tested for expression of the 
barstar gene by means of western analysis using antibodies 
against BSA-Barstar conjugates. Representative plant lines 
for high, medium and low expression are used for the second 

25 round of transformation. 

Tobacco and potato are transformed with Aarobacterium 
strain LBA4404 containing the binary vector pM0G583 or 
alternatively pM0G716 or alternatively pM0G718, all described 
in Example III, using procedures as described in Example Vb 

30 and Vc. Transformants are regenerated on selective media and 
resistant plants are allowed to self pollinate or clonally 
propagated. In case of tobacco, the resulting seed batches 
are germinated on selective media and tested for expression 
of the barstar gene by means of western analysis using 

35 antibodies against barstar. The clonally propagated potato 
clones are assayed for Barstar expression after transfer of 
the plants to soil. Representative plant lines for high, 
medium and low expression are used for the second round of 
transformation. 
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gXAMPLB XIV 



5 «nfieep1:ib 7 1 i^y to PPW 

^) rp^ansformatio P »f Arabldopsis witl) pM0G5?9j, 

The selected Ai-abidopsis plant lines from Example XIII, 
which express the Barstar gene, are used for transformation 
with ^r rr-obaeterium strain MOGlOl containing the binary vector 
pM0G589i (Example III) using the procedure as described in 
Example VI. The regeneration of transformants is now done on 
50 mg /I kanamycin-containing media. All kanamycin-resistant 
regenerants are grown to maturity, allowed to self pollinate 
and analyzed for deviant phenotypes. Seeds from all plants 
with normal phenotype are germinated on kanamycin and grown 
to produce a next generation of seeds. A next round of 
germination on kanamycin-containing medium allows 
identification of plant lines homozygous for the NPTII gene. 

p^^i yfii^ of traP «r p^niG Arabidopsis for BUBceptl^jlitY to 

Plants produced with procedures as described in Example 
XlVa are used to establish their degree of susceptibility to 
PEN as described in Example VI. From these analyses, several 
plant lines are identified that show a decreased 
susceptibility to PPN (j^ a decrease in the number of cysts 
with a mean of less than 10 cysts per root system) , and a few 
lines were found to be resistant (j,.e. mean less than 2 cysts 
per root system) especially among those lines that were 
selected for their high expression of barstar in Example 
XIII. Also, a number of abbarent phenotypes (e^ reduced 
viability, sterile, non flowering, small root systems) are 
observed, possibly as a result of local expression of the 
barnase gene. Regulatory sequences upstream (5') of the 
; integrated Barnase gene are isolated using inverted PGR (Does 
et al. 1 991, Plant Mol. Biol. 17, 151-153) . The amplified 
fragment is used to screen a genomic library of Ayal?i,dopsis 
for the isolation of genomic clones containing regulatory 
sequences that fit the requirements of promoter-A. 
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Alternatively, the barnase gene is used to probe a genomic 
bank made from the selected plants. 

Transformati on ^of tobacco and potato with pM0G591bis 
5 Regulatory sequences that are identified through 

procedures described in this example can be used for 
insertion in the multiple cloning site of pM0G591i (Example 
III), thus creating binary vector pM0G591bis. This vector is 
then be used for a second round of plant transformation, e.g. 
10 tobacco or potato plants that are selected for high Barstar 
expression in Example XIII. The resulting double 
transformants can be assayed for reduced susceptibility to 
PPN as described in Example VII and VIII. 

15 BXftMPLE XV 

Introduction of truncated rolC promoter / Barnase DNA 
sequences in plants expressing Barstar 
The selected plant lines from Example XIII are used for 
transformation with Aqrobacterium strain MOGlOl or LBA4404 

20 containing the binary vector pM0G717i (truncated 

rolC/Baimase ; Example III) using the procedures of Example 
VI. The regeneration of transformants is now done on 
kanamycin-containing media. All kanamycin-resistant 
regenerants are grown to maturity, allowed to self pollinate 

25 or form tubers (depending on the species) and analyzed for 
deviant phenotypes. For self -pollinating species, all plants 
with a normal phenotype are germinated on kanamycin and grown 
to produce a next generation of seeds. A next round of 
germination on kanamycin-containing medium allows 

30 identification of plant lines homozygous for the NPTII gene. 
In case of potato, transgenic plant lines are clonally 
propagated. 

b^ Analvsis of double transgenic Plant lines for 
35 susceptibility to PPN 

The plants that are now transgenic for the Barstar gene 
(either provided by pMOG 583 or pMOG7l6 or pH0G718) and the 
Barnase gene (pM0G717i) are assayed for their degree of 
susceptibility to PPN as described in Example VI-VIII. From 
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these analyses, plant lines are identified that show a 
significantly decreased susceptibility to PPN (i^ a 
significant decrease in the number of cysts or galls compared 
to control roots) , especially among those lines that were 
selected for their high expression of barstar in Example 
XIII. 



pa quence g nlants expressing S^ffstai: 
The selected plant lines from Example XIII are used for 
transformation with ftgrofra^teriw strain MOGlOl or LBA4404 
containing the binary vector pM0G699i (Example III) using 
procedures as described in Example V. The regeneration of 
transformants is now done on kanamycin-containing media. All 
kanamycin-resistant regenerants are grown to maturity, 
allowed to self pollinate or form tubers (depending on the 
species) and analyzed for deviant phenotypes. For self- 
pollinating species, all plants with a normal phenotype are 
germinated on kanamycin and grown to produce a next 
generation of seeds. A next round of germination on 
kanamycin-containing medium allows identification of plant 
lines homozygous for the NPTII gene. In case of potato, 
transgenic plant lines are clonally propagated. 

Analvs ,| « of doub le traneq^nte Plant lines for 

fi«seepfcibi1ii--v to PPN 

The plants that are now transgenic for both the Barstar 
(either pMOG 583 or pM0G716 or pMOG718) and the Bamase 
construct (pH0G699i) can be assayed for their degree of 
susceptibility to PPN as described in Example VI - VIII. From 
these analyses, plant lines are identified that show a 
significantly decreased susceptibility to M. incognita (i^ a 
significant decrease in the number of galls compared to 
control roots) , especially among those lines that were 
selected for their high expression of barstar in Example 
XIII. 
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EXMtPLE XVII 

Encyineering reduced susceptibility to PPN with a single round 

of transformation 
Alternatively, binary vectors can be constructed that contain 
5 both expression cassettes for regulated expression of Barstar 
and Barnase, from DNA fragments described in Examples III 
(g)-(m) in ways that are applicad^le to the general 
description of this patent as illustrated in Figure 1. Such 
binary vectors can then be used to engineer plants with 
10 reduced susceptibility to PPN in a single round of 

transformation and analysis of plant lines as described in 
Example VI - VIII. 

15 g3C^p;.g yyyici 

EngA^ee^A^lq recl^peg gysceptA)fc?Ality to pPN using promoter A / 
ant i sense homologous vital gene and promoter B / sense 
heterologous vital gene binary constructs > 
These exeunples are based on the same concept for a two- 
.20 component system as is generally illustrated in Figure 1. It 
involves the local (feeding structure) antisense expression 
of a homologous gene (preferably isolated from the target 
species) that is vital for plant cell metabolism and 
expression of a second transgene which when expressed is 
25 capable of neutralizing or partially neutralizing the effect 
caused by the first transgene and is in effect a sense 
construct of a heterologous gene and is expressed in cells 
outside the feeding structure. 

30 r) Introduction of chimearic DNA sequences of the DeltaO.3 
TobRB7 promoter and the antisense NADPH-Cytochroipe P4?0 ATRJ, 
gene for specific repression of the nematode- induced feeding 
^1:y^ct^yes jLq Ay^l?idQp^j.s. 

Arabidopsis plants transgenic for a construct of type B- 

35 promoter and a heterologous gene for NADPH-CytP450 reductase, 
is used for a second round of transformation by cocultivation 
of plant tissue with Agrobacterium tumefaciens strain HOGlOl 
containing the binary vector pM0G711 as described in Example 
V. Transgenic plants are regenerated from shoots that grow on 
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selection medium, rooted and transferred to germination 
medium or soil. Young plants are grown to maturity and 
allowed to self-pollinate and set seed. Plants transgenic for 
both the sense and the antisense construct are analyzed for 
5 reduced susceptibility to PPN as described. 

T^i.^»H,io>iQn of r^hlmearic DNA sequences of t^ft 
m^^^^-r j.^r.m^f^^ a«d t h ^ .j^^i^f^n^^ WAnPH-cvtochroinPr P4gO 
^^^^ -F^ ^ t^pfieific ro r>-'»««i°n of the nematode- induced fee^im 

10 structures in A rabidopsis. 

ftT-abidopsis plants transgenic for a construct of type B- 
promoter and a heterologous gene for MADPH-CytP450 reductase, 
is used for a second round of transformation by cocultivation 
of plant tissue with a>r-nhacteri«m tumefacieng strain MOGlOl 

15 containing the binary vector pM0G712 as described in Example 
V. Transgenic plants are regenerated from shoots that grow on 
selection medium, rooted and transferred to germination 
medium or soil. Young plants are grown to maturity and 
allowed to self -pollinate and set seed. Plants transgenic for 

20 both the sense and the antisense construct are analyzed for 
reduced susceptibility to PPN as described. 

r. ) Tnt^ndMction o f chiaaeric dwa sequences of the 35g 
P^»^»t.o y the sc T«i;*sh gene coding for qJycftro1-?-pbospftate 

25 acyltransf erase 

^T-abidopsis plants are transformed with pMOG719-l by 
cocultivation of plant tissue with Aqrobactepium tumefaclens 
strain MOGlOl containing the binary vector as described in 
Example V. Transgenic plants are regenerated from shoots that 

30 grow on selection medium, rooted and transferred to 

germination medium or soil. Young plants can be grown to 
maturity and allowed to self -pollinate and set seed. 
Homozygous lines are selected through analysis of the 
offspring by germination of selective medium. The expression 

35 level of the heterologous gene is analyzed with Northern 
blotting. 



A\ Tntroduetlon of r Tilmaeric DNA sequences of the 
nelta0.3TQbRB7 proTBoter and the antisense glycerol- 
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phosphate acyltransf erase gene for specific rep ression of the 
nematode- induced feeding structures in Arabidopsis> 

Arabidopsis plants transgenic for the T-DNA of construct 
pM0G719-l is used for a second round of transformation by 
5 cocultivation of plant tissue with Aqrobacteriuin tu mefaciens 
strain MOGlOl containing the binary vector pMOG713 as 
described in Example V. Transgenic plants are regenerated 
from shoots that grow on selection medium, rooted and 
transferred to germination medium or soil. Young plants can 
10 be grown to maturity and allowed to self -pollinate and set 
seed. Plants transgenic for both the sense and the antisense 
construct are analyzed for reduced susceptibility to PPN as 
described. 

15 e^ Introduction of chimaeric DNA seouences of the 35S 

promoter and the maize g ene coding for adenine nucleotide 
translocator 

Tobacco plants are transfoinned with pM0G7l9-2 by 
cocultivation of plant tissue with Aorobacte rium tumefaciens 

20 strain LBA4404 containing the binary vector as described in 
Example V. Transgenic plants are regenerated from shoots that 
grow on selection medium, rooted and transferred to 
germination medium or soil. Young plants can be grown to 
maturity and allowed to self -pollinate and set seed. 

25 Homozygous lines are selected through analysis of the 

offspring by germination of selective medium. The expression 
level of the heterologous gene is analyzed with Northern 
blotting. 

30 f^ Introduction of chimearic DNA seo uences of the DeltaO.3 
TobRB7 promoter and the antisen se adenine nucleotide 
translocator g ene for specific repression of the nematode- 
induced feeding structures in p otato. 

Potato plants transgenic for the T-DNA of the construct 

35 pM0G719-2, is used for a second round of transformation by 
cocultivation of plant tissue with Agrobacterium tumefaciens 
strain LBA4404 containing the binary vector pMOG714 as 
described in Example V. Transgenic plants are regenerated 
from shoots that grow on selection medixim, rooted, clonally 
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propagated and transferred to soil. Plants transgenic for 
both the sense and the antisense construct are analyzed for 
reduced susceptibility to PPN as described. 

5 g) Tr^ i-^«duetio» o^' chimae ric DWA seqi ipnrpc; of the ?5S . 

P^n^n-b^.T- ar^ ^-1^^ q -"'^^"^ bPta-subunit of 

ATP synthase 

Potato plants are transformed with pM0G719-3 by 
cocultivation of plant tissue with /rfrn»arterinm tnmefacieps 
strain LBA4404 containing the binary vector as described in 
Example V. Transgenic plants are regenerated from shoots that 
grow on selection medium, rooted and transferred to soil or 
clonally propagated in vitro. The expression level of the 
heterologous gene is analyzed with Northern blotting. 



10 



15 



20 



T..<-,.nHnr-tiQn o f r^himaeric nwA seouenrPB of the peltaO.3 
m^vM>i» 7 pr-«n.Qter a r ^^ antiP *> p«A ATP evnthase gene for 

r-eniress^»ii of the Tiematode-i nduced feeding 
structUT-es in tobacco. 

Tobacco plants transgenic for a construct pM0G719-3, is 
used for a second round of transformation by cocultivation of 
plant tissue with j^^r-nhaeterium tumefaciens strain LBA4404 
containing the binary vector pMOG715 as described in Example 
V. Transgenic plants are regenerated from shoots that grow on 
25 selection medium, rooted and transferred to germination 
medium or soil. Young plants can be grown to maturity and 
allowed to self-pollinate and set seed. Plants transgenic for 
both the sense and the antisense construct are analyzed for 
reduced susceptibility to PPN as described. 



30 



EXAMPLE ZIZ 

iiT.ai Y«is of tr^nstrenic A r abidonsis nlants, resjstant to a 
i-o^in- for «nsnPntibil if- Y to PPN in the presence of a toxic 

compound 

35 selected plant lines from Example XI, transgenic for 

construct pMOG25 carrying genes coding for GOS and HPT, both 
under the control of the CaMV 35S promoter, are germinated on 
nematode-agar medium (Sijmons et al. 1991, Plant J. 1, 245- 
254) supplemented with 10 - 20 / ml hygromycin (1 nq / ml 
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increments) to establish maximiun sublethal hygromycin 
concentrations for each plant line, as position effects of 
the integration site of the T-DNA influences the level of 
expression of the HPT-gene and therefor the level of 
5 resistance to hygromycin. New seeds from the selected lines 
are then germinated on in fresh petridishes with nematode- 
agar medium with the maximum sublethal hygromycin 
concentration and inoculated with PPN (Sijmons et al, 1991, 
Plant J. X, 245-254) . The behaviour of the nematodes is 

10 followed daily with an inverted microcope and normal 

penetration and behaviour inside roots is observed at the 
early infection stages in the presence of hygromycin. At 
later stages of infection, significantly reduced number of 
females develop on roots when grown in hygromycin. The 

15 development of the NFS is hindered by the local 

susceptibility to hygromycin as the result of the down- 
regulation of the 35S promoter. 
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(I) GENERAL IMFQRniIGN: 

5 

(i) AEEEICaOT: , , _ 

(A) NSHE: Siteznational 

(B) SISEET: EinsteinMeg 97 

(C) cnY: lEEOSf 

2ja (D) SiaZE; Zuid-Bollaiid 

(E) CXXmUQT: Ihe Netherlands 

(F) I06!Da< CODE (ZIP) : HIr-2333 CB 
(6) lEtEEHDNE: 071-258282 

(H) TEEEERX: 071-221471 



15 



20 



25 



30 



35 



fii) TEUE OF mVENCEON: MBthod for ciitalmng plants with reduced 
susaeptlbility to plant parasitic neaiatodes 

(iii) NUMBER OF SEQIIQKXS: 25 

(iv) CaSEOEER EEaEABEE FCSH: 

(A) TSEDSm TZEE: Flcf^y disk 

(B) C3CHEUEER: HH FC ccniatible 

(D) SOEIwaRE: FatentJH Release #1.0, Version #1.25 (EEO) 

(vi) HCCGR AE!EU:cmGN XSOki 

(A) AEFLECaSEIOT NtMBER; EP 91203041.8 

(B) EEUNS IME: 20^107-1991 

(vi) HOiGR AEELICmCN I»!EA: 

(A) APFUCailON NQHEBl: EP 92200046.8 

(B) EEEING EBflE: 10-iiaN^1992 

(2) INFOBHrniCN FOR SEQ ID NO: 1: 



(i) SECPEMCE CSSRACIERISIICSi 
(A) IBISIH: 39 base pairs 
40 (B) TXIE: nucleic acdd 

(C) STOfiMKCNESS: single 

(D) TQFQIOGY: linear 



45 



(ii) IDIECUIE T£^: cCNA 
(iii) HHOTHEaHCaL: YES 



50 (xi) SE3DENCE ESSCKEEEKai: SEQ ID NO: 1: 

GTTICEOG GftOSGftGGftT OCTQGRAGIA TITCftMGA 39 
(2) INFCaWMICN FOR SBQ ID NO: 2: 



55 



(i) SEgOEKCB CHKEACTERISIICS: 

(A) lENdH: 20 base pairs 

(B) T5CPE: nucleic acid 
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(C) snSfJUDEOSESS: single 
(0) TOFQDOGV: linear 

(11) MOIfiCUIE TIPS: dXA 

5 

(ill) ISFOflHEnCAL: YES 

10 (xL) SBQUBO DESCRIFCION; SEQ ID NO: 2: 

CSGCIAilGAC CS^TGftHTACE 
(2) INFORMATIGN KR SEQ ID NO: 3: 

15 

(1) ^fSMICE CHARACIERISnCS: 

(A) LENQIH: 36 base pairs 

(B) lYEE: nucleic acid 

(C) snffiNEBHESS: single 
20 (D) TQFQIOGSf: linear 

(ii) KX£COI£ T[PEi cSXfk 

(ill) mK jr JHbTlC aL; YES 

25 

(xi) SEQUBICE EESCKIFEIGN: SEQ ID NO: 3: 

30 CXGCTOGAGC CEAGGCacaG GmSCAACA GQTTIG 

(2) INFGSMmCN FOR SEQ ID NO: 4: 

(i) SBQUBfCE CSBSRCFESISnCS: 
35 (A) I£NGIH: 22 base pairs 

(B) TJflEG: nucleic add 

(C) SnONTEDNESS: single 

(D) TOEOUXX: linear 

40 (ii) MOIEOJIE TVIG: dKA 

(iii) HnamEncAL: yes 

45 

(xi) SEQUENCE EGSCSIPriCN: SEQ ID NO: 4: 

50 (2) INFGRIATIGN FOR SEQ ID NO: 5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) laxnH: 27 base pairs 

(B) lYFE: nucleic acid 
55 (C) SIBANECCNESS: single 

(D) TOFOIOGY: linear 

(ii) MSIBOJIE TXEE: cENA 
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(iii) IHPanEIICRL: YES 
5 (3d.) SEfiPHKE EESCSOPnCN: SBQ ID NO: 5: 

cmcsastG asoBSERaG tttcsgc ^ 

(2) TSFCSUHmX FDR SBQ ID NO: 6: 

10 

(1) SEOOBKE aSRACmUSTlCS: 

(A) IBVSIH: 22 base pairs 

(B) TXBB: nucleic acid 

(C) SBtANnaDESS: single 
15 (D) TDPQDDG3C: lliiBar 

(ii) M3EECDIE TSilE: dWA 

(iii) HXPOfflBncaL: YES 

20 

(xL) SBQOBKS EBSaaiTim: SBQ ID NO: 6 r 
25 OQGftCTCaJQG ATOOQGRftaS TB 

(2) INEOTMMIOK ICR SBQ ID NO: 7: 

(1) SEOJBKE CSBBACXEEasnCS: 
30 (A) UMGaH: 22 base pairs 

(B) TBEE: nucleic acid 

(C) SISHNDBCNBSS: single 

(D) TOEaDDfflf: linear 

35 (ii) HDIBCDIE TXEE: dWA 

(iii) HYEaiHmCA£4 YES 



40 

(xi) SBOQHICE nssCRIEEICN: SBQ ID NO: 7: 

22 

CXOCAAKEAC OAGCICMAA OC 
45 (2) mPCBMKnCN BOR SBQ ID NO: 8: 

(i) SBQDBICE OffiRftCIERISTICS: 

(A) UNSIH: 20 base paixs 

(B) TYIE: ludeic acid 
50 (C) sn»NDQ»ESS: single 

(D) TOPCOOGY: linear 

(ii) MOIECDIE TYEE: cDNA 
55 (iii) HYIOIHEIICM.: YES 



,-»-r- oLicrirT 
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(xi) SBCPENCE DESCSIFIICN: SBQ ID NO: 8: 

5 (2) INEGCHmON FCR SEQ ID NO: 9: 

(i) SBQDENCE CSARACIERISTICS: 

(A) LEHSIH: 28 base pedis 

(B) OYFE: nucleic acid 
10 (C) SIRANEECNESS: single 

(D) TKOLDGY: linear 

(ii) MOIEOUIE TOEl cSKk 
15 (iii) HmXDimCS^: YES 

(xi) SEQDENCE EESOOFIICN: SBQ ID NO: 9: 

20 

CTSGMSnCI ASAIAAGCIT ATCIAAAC 28 
(2) INFORAXEGN FGR SEQ ID NO: 10: 

25 (i) SEQOB^CE CSARACXERISIICS: 

(A) laiGOH: 20 base pairs 

(B) TXEE: nucleic acid 

(C) snoVNOEENESS: single 

(D) TQPOEriGy: linear 



30 



35 



40 



(ii) HOIfiCUIE TZFE: CENA 
(iii) IffFOOHEIICAL: YES 

(xi) SB3MKE ECSCSIPHCN: SBQ ID MO: 10: 
OCICA0C3^ GFEAGrrCTC 20 
(2) INFOnO^ON FOR SEQ ID NO: 11: 



(i) SESgMKE CHMRACTERISTICS: 
(A) imsmt 25 base pairs 
45 (B) TYEE: nudeic acid 

(C) sroANEEIMESS: single 

(D) TOFOLXV: linear 



50 



(ii) mUaJLE TIPEt cENA 
(iii) IKFCnHEnCAL: YES 



55 



(xi) SEQDBO: ECSCRIFEION: SEQ ID NO: 11: 
GGOGGAaOSG AGOQGGGAGC IGAAG 



25 
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(2) iNPoaajanircN r» sbq id no: 12: 

(i) SEQOENCE OSffiACTERISIICS: 
(A) I£NSra: 27 base pairs 
5 (B) TUEE: nucleic acid 

(C) SUffiNCeCNESS: sin^e 

(D) nOEOIOGY: linear 

(ii) MOEECXIIE TXFB: cDN^ 

10 

(iii) WBOnSEnOiL: YES 



15 (xL) SECPEKCB EESCRIFIIGN; SBQ ID NO: 12: 

(2) INFCeHaSION KR SEQ ID NO: 13: 

20 

(i) SEQOBKE CHSRAdERISIICS: 

(A) miBIH: 27 base pairs 

(B) TXfE: nadeic acid 

(C) STRRNEEIllESS: double 
25 (D) TaPOIDOf: linear 

(ii) KDIfiCOIE TKHI: C£MA 

(iii) HXPOOHEIICaL: YES 

30 

(xi) SBQOQKE EESCRIPnCN: SBQ ID NO: 13: 

35 GSIICEGGGG NXXS^MOS TBI0GA6 

(2) IMFGCHMUGN HH SBQ id no: 14: 

(i) SEQDBICE OffiRACESRISIICS: 
40 (A) IBiSIH: 28 base pairs 

(B) OYEE: nucleic acid 

(C) SQANCEDIESS: single 

(D) IQPOUXS: linear 

45 (ii) HOIECUIE HX^t dOSk 

(iii) HXIOIBmCRLt YES 



(xL) SBOOENCE EESaamON: SBQ ID NO: 14: 

GQcnxxaiG GEETosnac caoacaic 

55 (2) INECKJmCN ICR SBQ ID NO: 15: 

(i) SBQOBKE CHZ^RACEERISIICS: 
(A) IHltsm: 25 base pairs 
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(B) IVFG: nucleic acid 

(C) SOBANIMKESS: single 

(D) TOPQDOGV: linear 

5 (ii) HDIfiCUIE TWE: dXA 

(iii) iUKJUULTlCAL: YES 



10 

(xi) SBQCIENCE EESOtlFnGN: SBQ ID NO: 15: 

QcoaoGGKHc asorriKrcc actog 

15 (2) INFOEMmCN FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) USXSia: 27 base pairs 

(B) TYFG: nucleic acid 
20 (C) SIRANBeECNBSS: single 

(D) TOPOIDGi: linear 

(ii) tDLBCUI£ TYSE: cOlA 
25 (iii) mKyiHbTlGAL: YES 



(xi) SBQUEMCE EESCRIFnCN: SEQ ID NO: 16: 

30 

GAGTATrnC CATGGATDGT GmOIG 

(2) INFOmaXICN FOR SEQ ID NO: 17: 

35 (i) SEQUENCE CHARACIERISnCS: 

(A) IZNGOH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) SHRfiNCECNESS: single 

(D) TOPOLDGY: linear 

40 

(ii) lOIfiCUIE T£PE: cCNA 
(iii) ISPaiUbTlGAL: YES 

45 

(xi) SBQDENCE EESOOFTION: SEQ ID NO: 17: 
GCTAGOOGGA TOCATCrTSAG CrOC»G 

50 

(2) INFCXSlAnCN FOR SBQ ID NO: 18: 

(i) SBQdENCE CHARACIERISnCS: 
(A) lENGXH: 29 base pairs 
55 (B) TYPE: nucleic acid 

(C) SUtANDEENESS: single 

(D) TOPOLOGY: linear 
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(ii) WiJECaiE THE: CEHA 
(iii) IDfEOIHElICaL: YES 

5 

(ad) SBCPEMCE EESCRIEEIiCN: SBQ ID !»: IB: 

29 

GaasiociKEG GCTGAnms cxAOsvoas 

(2) INKSWrnCN FOR SBQ ID NO: 19: 



10 



(i) SECPENCE CHARACTERISTrCS: 
(A) IJQ9QIH: 28 base pairs 
15 (B) TOG: rudeic acdd 

(C) SHaNimiESS: singLe 

(D) TOFOIOGSr: Unpnr 



20 



(ii) K3LBCUIE T21E: c£MA 
(ill) HSBOIHEIICSL: YES 



25 (xi) SEOOHKE EESCRIEEION: SBQ ID MO: 19: 

____ 28 

(2) INKSMMTCN RR SBQ ID MD: 20: 

30 _ 

(i) SEQUENCE CSMQ^UkdUIICS: 

(A) laiGIH: 28 base pairs 

(B) TISEa nucleic acid 

(C) aiBBNIXIXIESS: single 
35 (D) TOPOSiaa: linear 

(ii) IDIBCXIIE THE: dm 
(iii) HXPOIHETIcatti: YES 

40 

(xi) SBCPOKE EESCKCEEICN: SBQ ID ND: 20: 

45 GftaZ^CaftftG OCMQGftACT TEMaKTC 28 

(2) INPCKMICN FDR SBQ ID NOr 21: 

(i) SBQOEKCE CHSR&CEERISIICS: 
50 (A) IHKSIH: 21 base pairs 

(B) type:: nucleic acid 

(C) SIBfiNEEDNESS: single 

(D) TOPOIDGK: linear 

55 (ii) MDIECDIE TSffE: cSENA 

(iii) IHIOIHEIIcaffi: YES 
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(xi) SEQQOBNCE DESCSOFnCN: SBQ ID NO: 21: 

GCiUCAGAT CiXKDGGGGGA G 
5 • 

(2) mFCmmON FOR SBQ ID NO: 22: 

(i) SBQUBICE aORACIERISIICS: 
(A) LENSIH: 23 base pairs 
10 (B) THE: nucdeic acdxi 

(C) SDRANDECNESS: single 

(D) TQPOIOGV: linear 

(ii) miEOJlE TYPE'. cEtOi 

15 

(iii) HYFQOHEIICAL: YES 



20 (xi) SEQUENCE DBSCSIFrECN: SEQ ID NO: 22: 

GAUAOCAAA AGATCTGATG TIG 

(2) INFCROmm FOR SEQ ID NO: 23: 

25 

(i) SEQCJBICE OARACIERISUCS: 

(A) UHSIH: 34 base pairs 

(B) nucleic acid 

(C) STOANEECNESS: single 
30 (D) TOPQZOQf: linear 

(ii) MOIEOUIE TVFE: dOOi 

(iii) HZFOframCSVL: YES 

35 



(xi) SEQUENCE EESaaPnCN: SEQ ID NO: 23: 

40 GAmmSAT GCIGATGCXS^ GaOOCCQCIC TGTS 

(2) INFC8RMATICN FOR SBQ ID NO: 24: 

(i) SEQUENCE anRACXERESnCS: 
45 (A) UMGIH: 25 base pairs 

(B) T£EEz mtdeic acid 

(C) SIRANISCNESS: single 

(D) TOPOiasy: linear 

50 (ii) 1DI£CUI£ TOPE: CENA 

(iii) HXPOramCAL: YES 



55 

(xi) SBQUQfCE CESCSIFriGN: SBQ ID NO: 24: 
GGAOOGGGAT CXCACACTGC TCTTS 
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(2) INPQBMftTION ICR SBQ ID NO: 25: 

(i) SBCPEMCE CHRRaCEERISriCS: 
(A) IHEaH: 24 baee pairs 
5 (B) T5CEE: nucleic add 

(O sfBSMEEIXIESS: single 
(D) OJCaroiDGK: linear 

(ii) IDIECOIE TXIE: cENA 

(iii) mBOIHBIIcaii: YBS 



10 



15 (xi) SBQUEMCE nESCKEEEICN: SBQ ID NO: 25: 

24 

cxxniQGaajoc oGaassGCJCA tcgc 

20 (2) mPOBMmOM R» SBQ ID NO: 26: 

(i) SEOOBiCE CSIBBACIERISIICS: 

(A) IBXSIH: 25 laase psdxs 

(B) TSilG: iBJcLeic acid 
25 (C) SUffiNEEHlESS: single 

(D) TOBODXY: lijnear 

(ii) IdEOaiE TIEE: cCNA 

30 (iii) mEoraBricaL! t£ES 



35 



(xi) SBHOHKE EESCRHnCH: SEQ ID NO: 26: 

cAftGcaftflGA TOcaxjcnaT gj«qc 

(2) INPCXWMION KR SBQ ID NO: 27: 

40 (i) SEQDSICB OffiRACEERZSIICS: 

(A) imsiH: 21 base pairs 

(B) TIOE: nucleic acid 

(C) SIBfiNOEIlIESS: single 

(D) TQEQLOGSf: linear 

(ii) JSOEOJIE TOE: cCMA 
(iii) lOFOIHEEICS^: T£ES 

(xi) SBgDENCE EESCRIPEICN: SEQ ID NO: 27: 
OCaGftCTGaA TGOXS^CaGG C 
(2) INFCSWmCN FCR SBQ ID NO: 28: 
(i) SEQDaiCE anBACEERISnCS: 



45 



50 



55 
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(A) IBXSm: 20 base pairs 

(B) TXfG: nucleic acid 

(C) SIKANEECNBSS: single 

(D) TOFOIOGY: linear 

5 

(ii) JXaSOaiE TVFE: cCNA 
(iii) lUFCmiEnCAL: YES 

10 

(xi) SEC2UENCE CESCSIFTIGN: SEQ ID NO: 28; 

GQDSAOSCKr GIX3BOGC3IlAG 

15 

(2) INHSMmCN FOR SBQ ID NO: 29: 

(i) ^QDENCE aCVRACIQlISIICS: 
(A) vwaiaz 15 amino adds 
20 (B) TSSE: amino acid 

(C) SDffiNEGCNESS: single 

(D) IDEOLOGY: linear 

(11) IGILBCUIE TIPE: peptide 

25 

(iii) HOOZHEnCAL: YES 



30 (xi) SEOJWCE EESCRIFnCN: SBQ ID NO: 29: 

Ala Glu Ser Val Leu Gin Val Ihe Arg Glu Ala lys Ala Glu Gly 
15 10 15 

35 (2) INFOBMAXION FOR SBQ ID NO: 30: 

(i) SEQUENCE CHARACEERISnCS: 

(A) imsm: 15 amino acids 

(B) IVFE: amino acid 

40 (C) SUBANIXCNESS: single 

(D) TOEOIDGIi linear 

(ii) H3IE0UIE TlPEi peptide 

45 (ill) ISFOIHEIICAL: YES 



(xi) SEQUENCE CESCSIFIIGN: SEQ ID NO: 30: 

50 

Arg Gin Ihe Glu Gin Ser Gin Leu Thr Glu Asn Gly Ala Glu 

15 10 15 

(2) INFOBMAnCN FGR SEQ ID NO: 31: 

55 

(i) SEQUENCE CBARACnERISnCS: 

(A) IBXSER: 15 amino acids 

(B) TYEB: amino acid 
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(C) sUffiNEECNESS: single 

(D) TOECSUXSl: linear 

(ii) mtBODIE TXIE: pqitide 

5 

(iii) HSPCaHETTCtt: YES 



10 (xi) SBCPHKE DaSSCSHrrCN: SBQ ID NO: 31: 

ifiu iws lys Glu lai Ma ifiu pro <au T;yr Ty^ 

^ 5 10 15 
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CLAIMS 

1. A plant ^Aiicii as a result of the expression of a reoGnbinant ENA 
has reduced susceptibility to a plant-parasitic naoatoda* 

5 

2. A plant aocarding to claim 1, vdierain expression of said 
reccnbinant ENA causes disruption of a nesnatode feeding structure. 

3. A plant according to claim 2, vftierein e^^sressicn of S2ud 

10 reccnbinant ENA is at least retarding f omation of a nematode feeding 
structure. 

4. A plant according to claim 2 or 3, vyherein said reccnobinant EMA 
cccprises: 

15 1) a gene-A \rihicfa upon e^qpression effects disruption of a neatnatode 
feeding structure, said gene-A being placed under the control of a 
pranoter^A that drives e)q2ressiGn at least in the naooatode feeding 
structure, and 

2) a gene-B \diilch vpGn eaqxressicn neutralizes the disnptive effect of 
20 gene-A, said gaie-B being placed imder the control of a prcmoter^B that 
drives e)q>ression in all of the plant's cells wherein gene-A is 
ewpressed, with the proviso that seiid praooter does not effectively drive 
expression of gene-B in the nematode feeding stmcture. 

25 5. A plant according to claim 4, vftierein gene-A encodes bamase, gene- 
B encodes barstar, and \Aierein promoter-A is a resident plant prooDter 
and pronater-B is obtainable fran the CaMV 35S pronoter or the £q2J} 
prcmoter* 

30 6. A plant according to cladm 5, vAierein prcmoter-A is a pronoter that 
is isolated from a plant, or a derivative fron the said pronoter. 

7. A plant according to daim 2 or 3, wherein scdd reooibinant EMA 
cotprlses a gene inhibitory to an endogenous gene that encodes a protein 

35 or polypeptide product that is essential for formation or maintenance of 
a nematode feeding structure. 

8. A plant according to claim 4, vftierein said 

gene-A produces a KNA transcript that is occplenientary to an endogencxis 
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gene transcxipt encoding a protein ear polyp^rtlde proauct essential for 
f oaation car inaintenanoe of a nanatoae feeding structure, and wherein 
said gene-B encodes a protein or polypeptide product that substitutes the 
fcncticn of the protein or polypqitide encoded ty the said endogenous 
5 gene. 

9. A plant aoocading to claim 8,. therein said gene-B is obtainable 
teaa a i»Lant species that is di^erent ftom the host plant species. 

10 10. A plant according to claim 8 or 9, wherein said gene-B encodes a 
protein or polyp^itide t*ich is selected trm the group consisting of AEP 
synthase, adenine nucleotide translocator, tricaiix»ylate translocator, 
dicarlxoylate translocator, 2-CKD-^lutarate translocator, cytodirome c, 
pyruvate kinase, glyoeraldd^ote-SP^feh^drogenase, NMHH-cytochrane p450 

15 reductase, fatty acid q^nthase conplac, glyoerQl-3P^ltransf&rase, 
l^dEDj^metlrirl-glutaryl OA reductase, amlnoacyl transferase, 
transcription initiation factor, and transcription elongation fector. 

11. A plant according to any one of the claims 4 - 10, %*erein 
20 pronoter-A is obtainable from the Delta-K).3TobRB7-5A proK^ 

12. A plant according to any one of the preceding cOaims ^iiicii plant 
belr^vjg to the family Solanaoeae . 

25 13. A plant according to claim 12, vhicti plant is Solanum tuberosum . 

14. ihe plant of claim 13, Which has reduced susceptibility to a potato 
oyst nematode. 

30 15. Plant material, such as floMers, fruit, leaves, pollen, seeds, or 
tubers, obtainable from a plant aooording to ary one of the claims 1 - 
14. 

16. A method for dbtaining a plant with reduced susceptibility to a 
35 plant parasitic nenatode, ocoprising the steps of 

(1) transforming a recipient plant cell with recoabinant HA vlbiA 
ccnprises (a) a gene ^di when e>?anessed in a nematode feeding structure 
causes disti?>tion thereof and (b) a plant selectable marter gene, 

(2) generating a %4iDle plant from a transformed cell under selection 
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pressure, 

(3) identi^ing a tzansforiDed plant with reduced suscaeptibility to said 
plant parasitic nesnatode. 

5 17. A method for obtaining a plant with reduced susceptibility to a 
plant parasitic nematode, oGoprising the steps of: 

(1) transfooalng a recipient plant cell with reconbinant ENA 

which ccnprLses (a) a gene-*A which vpan eoqiressiGai effects disn^itiGn of 
a nemtode feeding structure, said gene-A being placed under the oGsrtrol 
10 of a ptODtoter-A that drives esxpressLcn at least in the nematode feeding 
structure, and 

(b) a gene-B which vpcg\ expression neutralizes the disn^ytive effect of 
gene-A, Sedd gene-B being placed xmder the control of a p mn nte r^ B that 
drives e>?>ressioai in all of the plant's cells wherein gene-A is 

15 expressed, with the proviso that said prtmoter does not effectively drive 
expression of gene-B in the nanatode feeding structure, and 

(c) a plant selectable narker gene, 

(2) generating a ^le plant frm a transfomed cell imder selection 
pressure, 

20 (3) identi^ing a transfcnood plant with reduced susceptibility to said 
plant parasitic nenatode. 

18. A method for cbt£dning a plant with reduced susceptibility to a 
plant parasitic neaooatode, ccnprising the steps of: 

25 (1) transforming a recipient plant cell with recontoinant ENA 

which ocnpdses (a) a gene-B ^diich vpcffi esqaression neutralizes the 
disnptive effect of a gene-A to be i ntr od uc ed in step (3) , said gene-B 
being placed under the control of a prcncter^B that drives e}q3fression in 
substantially all of the plant's cells ^dierein gene-A is es^sressed, with 

30 the proviso that said pro m ote r does not effectively drive e)ipression of 
gene-B in a nesnatode feeding structure, and (b) a plant selectable 
marker, 

(2) generating a whole plant froa a trasnformed cell under selection 
pressure, 

35 (3) transforming a recipient cell of the plant obtained in step (2) , or 
progeny thereof which at least contains gene-B, with a reccnbinant ENA 
\diich ryrpprifg^ (c) a gene-A vMch \spon Bxpressian effects disruption of 
a negoaatode feeding structure, said gene-A being placed under the control 
of a prxaoaoter-A that drives expression at least in a nematode feeding 
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staaxrture of an infected plant root. 

19. A method aocxsrding to aror one of the claims 16-18, «he^ 
step of transf andng a recipiait plant cell is perfonned by ooincubating 

5 cold ^>.Trr^Gterium strain that contains said reocBbinant 

20. A reocotoinant containing a lOant expresslWe gene \Mch 

ocncirises in seqoenoet 
10 -a prcBcter that drives expression of a downstream gene in a namtode 

feeding' struc±urer 

-a g^A i*ich *&en es5»ressed in a nematode feeding structure effects 
the disnptim thereof, and qotionally, 

-a transcription tenninator and a polyaderylaticn signal serjienoe, 
15 so linked that the said gene-A is e>5«ressed in said nematode feeding 

structure. 

21. A reooBtoinant ENA aooording to daim 20, %*erein said ptanoter is 
obtainable from the Delta-0.3TbBRB7-5A or the truncated saLC pronoter. 

20 

22 A reconijinant OA according to caaim 20 or 21, ^Aierein the saad 
gene is ciatainable from the Bamase gene. 

23. A reccnbinant ENA according to anyone of the cOaims 20 - 22, 
25 ^dierein the said gene is obtainable from a host plant and selected frm 
the group consisting of those encoding iOP sjmthase, adenine nxileatide 
translocator, trioarixa^late translocator, dicarboxylate translocator, 2- 
oKo-glutarate translocator, cytochrome C, pyruvate Jdnase, 
glyoerald*yde^3P^iel«drogenase, NaDE»<ytochreaie p450 reductase, fetty 
30 acid synthase ccaplex, glyoerol-3P-acyltransferase, hydrajq?methyl- 

glutaryl Ooft. reductase, aminoacyl transferase, transcription initiation 
factor, and trarBcription elongation factor, 

said gene being fused to the said ptanoter in the reweise orientation 
with respect to the natural orientatian in the host plant. 



35 



24. A plant transformation vector containing reccnbinant ENA according 
to any one of tte daiTns 20 - 23. 



25. An tombaeterium strain containing a plant transformation vector 
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euxxsrdtng to daim 24* 

26. A nfithod far reducing damage to cro ps by plant parasitic nanatodes 
by grxTmxig plants according to aiiy one of the claiittf; 1-15. 

5 

27. A method for reducing damage to crops by plant parasitic nematodes 
^ihidi rriTtyriy=eg growing plants that contain a herbicide resistance gene 
placed under the control of a pnxnoter-B that is eoqgacessed at least in 
the roots of the plants, but not effectively in the nematode feeding 

10 structure, conprising the steps of 

1) growing the said plants, 

2) contacting the roots of sadd plants with a herbicide. 

28. A method according to claim 27, vtoereln prooaoter^A is ciatainable 
15 ficom the cauliflower racDsaic virus 35S pranoter. 
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Figure 1 



wo 93/10251 



PCr/EP92/02559 



2/16 



BamHi Ncol Xhol Xbal Xhol Hindlll 




Figure 2 



wo 93/10251 



PCT/EP92/02559 



3/16 




wo 93/10251 



4/16 



PCT/EP92/02559 



Hindlll 




Figure 4 
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Figure 6 
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EcoRI 




Figure 7 
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pM0G452 = promoterless 
pMOG630 = rolD promoter 
pMOG679 = trunc. rolC promoter 



plant 

selectable 
marker 




Figure 8 




Figure 9 
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Figure 10 




Figure 1 1 
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Figure 12 
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pMOG589 = promoterless 
pMOG591 = multiple cloning site 
pMOG699 = A0.3TobRB7 promoter 



pMOG717 



= truncated rolC promoter 
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Figure 13 
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pM0G711 = NADPH-CytP460 reductase ATR1 
pMOG712 = NADPH-CytP450 reductase ATR2 
pMOG713 = G3P acyltransferase ATS1 
pMOG714 = adenine nucleotide translocator 
plVlOG715 = f3 subunit ATP syntliase 
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Figure 14 
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